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Earlier experimental data have been reported which showed 
the resistances of several strains of Eberthella typhosa and of the 
coli-aerogenes group to chlorine and chloramine. It was found 
that some strains of EF. typhosa remained viable as long as, and 
in some instances longer than, members of the coli-aerogenes 
group. Considerable variation in the resistance to chloramine 
was noted among the strains of EZ. typhosa and also among the 
members of the coli-aerogenes group. Since the old laboratory 
strains of E. typhosa were usually killed in a materially shorter 
time than were recently isolated strains, it seemed probable that 
prolonged residence on artificial media had reduced resistance 
to the action of chloramine. It was the aim of this investigation 
to test the validity of the above mentioned indication. 


MATERIALS AND METHODS 


The strains of E. typhosa used, with the exception of T5 and 
706, were isolated in the laboratories of the Division of Prevent- 
able Diseases. The accompanying key indicates the year of 
isolation, source and age of the various strains. 

The water used, in all the experiments except one, consisted 
of a mixture of treated! water from the distribution main leading 
out of one of the city’s filtration plants and that from the tap at 
the laboratory of the Division of Sanitation. This mixture was 

1 Treatment at the filtration plant consisted of pre-ammoniation, prechlori- 
nation, coagulation, sedimentation, filtration, post-ammoniation, and post- 


chlorination. 
1 
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YEAR 


STRAIN 


ISOLATION NUMBER 





| 
| 


1935 4 | 


1933 


ay, 


1934 








1936 | 
| 








1659 
2230 


2349 | 
2365 | 
2463 | 

M650 


M687 


1513 | 


1520 
1560 
1679 
1727 
2537 


S23 


2623 | 
S59 | 


S83 
$129 
3080 
3539 
3802 

M711 


2201 
2205 
2147 
2388 
2587 
2697 


2792 | 


2901 
$41 
S44 


847 | 


$53 








ORGANISM ISOLATED 





From 

Sept. 18 Feces 

Aug. 25 Feces 

Sept. 4 | Feces 

Sept. 4 | Feces 

Sept. 14 | Feces 

Sept. 15 | Gallbladder 
Oct. 16 | Blood culture 

| 

July 30 Feces 

July 30 | Feces 

July 30 | Urine 
July 25 | Feces 
July 26 | Urine 
Sept. 6 | Feces 

Sept. 9 Feces 
Sept. 10 | Feces 

Sept. 20 | Feces 

Sept. 19 | Feces 

Oct. 2 | Feces 

Oct. 5 | Feces 
Oct. 26 Feces | 
Nov. 12 | Feces 
Nov. 18 Blood culture | 
July 10 Feces 

July 10 | Feces 

July 6 Feces 

Aug. 3 Feces 

Aug. 11 Feces 

Aug. 19 Feces 
Aug. 21 Feces 
Aug. 31 | Feces 
Sept. 1 | Feces 
Sept. 1 Feces 
Sept. 1 Feces 

Sept. 4 Feces 








Key to strains used in experiments to determine the killing power of 
chloramine for E. typhosa 


DURATION OF PATIENT'S 
CLINICAL CONDITION WHEN 6PECI- 
MEN WAS COLLECTED 


Carrier—typhoid denied 
Carrier—typhoid 1897 
Carrier—typhoid 1928 
Carrier—typhoid denied 
Case—16 days 
Carrier—typhoid denied 
Case—16 days 


Carrier—typhoid in 1929 
Case—28 days 

Case—42 days 

Case—44 days 

Case—8 days 

Case—47 days 
Carrier—typhoid denied 
Case—27 days 

Case—85 days 

Case—36 days 
Carrier—typhoid denied 
Case—35 days 

Case—34 days 

Case—14 days 

Case—21 days 


Carrier—typhoid denied 
Carrier—typhoid denied 
Carrier—typhoid denied 
Carrier—typhoid denied 
Case—8 days 
Carrier—typhoid 1907 
Carrier—typhoid denied 
Case—13 days 
Carrier—typhoid 1935 
Case—27 days 

Case—44 days 

Case—14 days 


Old Lab. Strains: T5, in this Division since 1913; 706, Rawlings isolated 


in 1905. 


used in order to obtain an initial chlorine residual between 0.20 
and 0.23 p.p.m., the water from the tap having a much lower 
chlorine residual than that from the main. 


The water used 


ri 








any Se SO 


ane ees nn tor 8 


RESISTANCE OF E. TYPHOSA TO CHLORAMINE 3 


August 25, 1936, was drawn from the tap in the Division of 
Sanitation laboratory and used without mixing. The pH of 
the waters varied from 7.0 to 7.5, and the dissolved oxygen 
between 6.5 and 8.5 p.p.m. There was 0.2 p.p.m. or less of iron 
and 0.1 p.p.m. or less of manganese present. 

The killing power of chloramine was determined for four strains 
of E. typhosa simultaneously, at two temperature ranges. The 
high range varied from 24.5 to 26°C., the low range from 1 to 
3°C. The initial chlorine residual varied from 0.20 to 0.23 p.p.m. 

For each day’s experiment, 300 cc. of the water was placed in 
each of eight sterile 500 cc. Erlenmeyer flasks. Four of the 
flasks were subjected to the high, and four to the low range, 
temperature. After the water in the flasks had assumed the 
temperature of the bath, one flask at high temperature and one 
at low temperature were inoculated with? 0.6 cc. of a 1:10,000 
dilution of a 24-hour broth culture of one of the strains to be 
studied. -At fixed intervals one flask in each range was subse- 
quently inoculated in a similar manner with a portion of a broth 
culture of the other strains to be studied. In the first four ex- 
periments, two 1 cc. portions were withdrawn from the flasks at 
15 and 30 minutes, 1, 14, 2, 24 and 18 hours, and plated on brom- 
cresol-purple lactose agar. In the rest of the experiments the 
platings were made at the end of 10, 20, 30 minutes, 1, 14, 2, 
24 hours. The plates were incubated 48 hours at 37°C., at which 
time the colonies were counted and recorded. The residual 
chlorine concentration was determined by the orthotolidine 
method at the beginning and at intervals throughout the course 
of the experiments. 


RESULTS 


The various plate counts were plotted on semi-logarithmic 
paper and the lines projected as described in a previous publica- 
tion (Heathman et al., 1936). It was found that, for approxi- 
mately 60 per cent of the experiments, all of the plotted points 
were on, or very close to, the straight line. For about 30 per 

* It had been found by previous experience that this amount of inoculum 


usually produced an initial bacterial population between 100 and 300 bacteria per 
cubic centimeter. 
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cent of the experiments, had the line been drawn through all the 
points, it would have produced a wavy line or one which was 
convexly curved in respect to the time axis, and for about 10 
per cent a concavely curved line in the same respect. 

Table 1 shows the time required to kill 99.9 per cent of the 
organisms as computed from the curves described. It will be 
seen that there are some variations in the killing time for any 
given strain. It may also be seen that the killing time required 
for the old laboratory strains on one day might exceed that for 
a freshly isolated strain on another day, but, usually, on any one 
day the time required to kill freshly isolated strains was greater 
than the time required to kill old laboratory strains. This was 
also true for the local strains which had been grown on artificial 
media one year or more. The average time required to kill T5 
and 706 at high temperature was 0.767 hours, for the strains 
isolated in 1934, 1.239 hours, for those isolated in 1935, 0.901 
hours, and for recently isolated strains 1.541 hours; for the low 
temperature it required 3.172, 4.821, 4.327 and 6.321 hours, 
respectively. It is also shown that there is considerable varia- 
tion in the resistance of the strains within the various age groups. 
This is well illustrated by 859 and M711 compared to 2623 in 
the 1935 group and S44 and 2201 of the recently isolated strains. 

Table 1 also shows the times required by chloramine of ap- 
proximately the same chlorine residual to kill 12 strains of E. 
typhosa in 1935 as compared to 1936. It will be readily seen that 
the average time required to kill the old laboratory strains 
(T5 and 706) did not materially change from 1935 to 1936. 
There is some doubt as to any loss of resistance by strains 1679, 
1727, and 2623 which were isolated in 1935. However, the re- 
sistances of 2537, M711, 3539, S23, 3080, S129, and S83 were 
markedly reduced. This is true at both the high and low tem- 
perature ranges. 

The average time required to kill the strains of any group was 
from three to five times longer at low temperature than at high 
temperature. 

The results obtained did not show any correlation between 
the time required to kill the organisms and the pH, dissolved 
oxygen, iron or manganese content of the water. 
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TABLE 1 


Results of the action of chloramine on 86 strains of E. typhosa in 1936 including 
results for 12 of the same strains in 1935 


E. TYPHOSA INITIAL HIGH TEMPERATURE LOW TEMPERATURE 
cL. 
DATE OF RESID Com- Ob- ( m 
Strain | Yeor | “MENT WATER! Decrees c, | Putt | H*FVEd | Degrees puted Observed 
number isolated SAM- to kill — ( to kill to killt 
=e 99.9 killt 99.9 
p.p.m 
10/ 8/35 0.23 19-24 0.813 1 2-7 | 2.24 1} 
10/17/35 0.2 17-27.5 1.74 l 2.5-6 4.18 2 
|, 8/19/36 0.22 25-26 0.60 } 2-3 2.15 2 
rs| ¢ ?| 9/ 9/36 0.22 24.5-25 [1.9 | 1 1 | 4.85 | >2} 
. 8/24/36 0.22 25.5-26 ° ° 2.5-3.5, 2.05 1} 
9/11/36 0.22 26 0.993 1 1.5-2 4.55 | >2) 
8/31/36 0.20 25 0.90 l 2 3.70 | >2) 
9/16/36 0.20 25-26 1.195 1 1-1.5 4.70 | >2) 
8/14/35 0.22 | 29-31 | 0.54 j . ° 
|| 8/20/36 0.20 25.5-26 0.60 } 1.5-2.5 1.85 2 
9/10/36 0.20 25 0.722) 4 1 3.50 24 
706 | 1905;| 8/25/36 0.22 24.5-25 0.60 4 2.5-3 2.1 23 
9/14/36 0.22 25 1.045, 43 1-2 +.50 24 
9/ 1/36 0.22 25 0.60; § | 1.52 | 1.55 li 
9/17/36 0.22 25-25.5; 0.988 4 1-1.5) 2.56 2 
1659 1933 / ve 36 0.22 . 25-26 | 0.600) 4 2-3 2.0 2 
{| 9/ 9/36, 0.22 24.5-24 1.49 l l 7.50 | >2) 
M650 1934 20/36 0.20 25.5 26 2.0 1} | 1.5-2.5 6 3 >24 <18 
9/10/36 0.20 25 3.15 l 1 6.15 24 


— 


30/ 1 | 2.5-3.5 4.30! 25 


8/24/36 0.22 |25.5-26 
230 1934: os 
=; se 30; 1 | 1.52 | 7.65) >2} 


\| 9/11/36 


th 
to 
t 
ao 
~ 


8/25/36 0.22 |24.5-25 | 1.0 1 |2.5-3 6.20| >2) <18 
9 
eed 19344 9/14/36 0.22) 2 |0.943 1 1-2 | 5.80 | >2) 
(| 9/27/36 0.23! 25-26 0.85! 4 2-3 | 4.20| >2} 
; 
mes 1934)! 9/15/36 0.22 24.5-25 | 1.238 1 1-2 | 5.25 | >24 


* No test. 

t The numbers in these columns represent the elapsed time in hours from 
the initial inoculation of the flasks to the time when the first set of plates were 
made which contained no colonies of E. typhosa. 

t In these laboratories since 1913. 
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E. TYPHOSA 


| 
Strain | 


number isolated 


M687 | 
| 


3802 | 


2537 | 


2623 


TABLE 1—Continued 














INITIAL HIGH TEMPERATURE 
eee ieetienaditie 
DATE OF RE6BID Com- | Ob- 
EXPERI- or ed 
Year MENT WATER | Degrees C. —— | oon 
panel to kill| to 
rLS 99.9% | killt 
p.p.m 
19844 | 8/31/36, 0.20 25 0.795 1 
1 9/16/36) 0.20 | 25-26 | 0.857) 1 
1934/{ 9/ 1/36) 0.22] 25 | 0.682) 4 
| 9/17/36] 0.22 | 25-25.5 es 1 
— | 8/19/36, 0.22 | 25-26 | 0.638, 4 
9/ 9/36| 0.22 |24.5-25 |1.70| 1 
| 
| 
1935/| 8/25/36] 0.22 |24.5-25 | 0.663) 1 
| 9/14/36] 0.22} 25 | 1.80 | 1 
1935/| 9/ 2/36, 0.22] 25 |0.60| 4 
| 9/21/36) 0.22 |25.5-26 | 0.448) 4 
| | i 
1935/| 9/ 8/36 0.21] 25.5 | 0.638, 1 
— 0.22 25 0.638 4 
1935/| 9/ 8/36) 0.21 25.5 | 0.575) 4 
| — 0.22 2 | 0.448) 4 
| 8/22/35) 0.21 | 26-27 | 1.46 
1935}| 8/31/36, 0.20 25 | 0.865) 1 
ware 0.20| 25-26 |1.55! 1 
9/ 4/35} 0.23 | 22-23 | 2.32) 1 
1935;| 8/27/36} 0.23 | 25-26 | 0.697) 3 
(| 9/15/36, 0.22 24.5-25 | 2.25) 1 
oes 
9/18/35 0.20| 24-28 |1.59) 1 
al 10/ 1/35| 0.20 | 22-24.5| 0.813) 14 
\| 9/ 1/36) 0.22 25 | 0.682) 4 
9/17/36, 0.22 | 25-25.5 0.663, 1 
(| 9/30/35, 0.20) 23-24 | 2.11) 1 
1935;| 8/27/36 0.23 | 25-26 0.825 1 
| 9/15/36, 0.22 24.5-25 


3.36 1 
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LOW TEMPERATURE 


Com- 





Degrow | puted | Observed 
to kill to killt 
99.9% 
2 | 3.62| >2) 
1-1.5| 3.60 | >24 
1.5-2 |2.20| 2% 
1-1.5| 2.58 | >2} 
2-3 |2.08| 14 
1 | 9.60! >2} 
2.5-3 | 8.2 | >25 
1-2 15.0 | >2) 


2 2.60 23 
1 








1.5-2 |2 1} 
1.5-2.5, 2.90} 2) 
0.5-1 | 3.70 | >2} 
1.5-2.5/ 2.50} 2 
0.5-1 | 2.80) 2 
* . . 
2 | 5.0 | >23 
1-1.5| 8.75 | >2h 
. - | * 
23 | 4.92| 2) 
1-2 | 8.45 | >2h 
5-10 | 5.60 | 2 
2-6 | 2.85 | >23 
1.5-2 | 2.58 | >2} 
1-1.5, 2.22} 2 
4-9 | 6.76 | >2} 
2-3 | 4.40 | >2} 
1-2 | | >23 


} 
a 
- 
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TABLE 1—Continued 





E. TYPHOSA INITIAL HIGH TEMPERATURE LOW TEMPERATURE 
DATE OF a Com- Ob- Cum 
; “ SXPERI- OF : ited served ruted Observed 
ee eee) | ee hours hours a h ure ours 
PLE 99.99, | killt 9.9% F 
P.p.m. 
10/ 7/35 0.23 22-26 3.73 l 8 7.20 >24 <18 
.}| 10/16/35, 0.23 22.5-24 (2.18 14 | 2.5-3 5.28) >2} <18 
3080 | 193: gee > : 
sont eed 8/20/36 0.20 25.5-26 0.638 4 1.5-2.5| 3.6 >24 <18 
(| 9/10/36, 0.20 25 1.02 l 1 4.20 | >2) 
(| 12/16/35) 0.20 | 21-22 | 2.69 | >1 3-4 | 4.62 | >2) <18 
3539 | 1935;| 9/ 2/36,0.22| 25 | 0.793 1 2 |3.17| 2 
|| 9/21/36] 0.22 '25.5-26 | 0.75| 4 | 1.5-2 | 3.70 2 
{| 12/18/35! 0.20 22 2.62 >1 3-4 ° ° 
M711} 1935{| 9/ 3/36) 0.22 25 0.589 4 | 1.52 | 2.40 2 
9/22/36 0.22 | 25-26 | 0.339) 3 2 0.92 l 
(| 10/ 2/35) 0.22 |23.5-27 |1.50| 1 3-7 | 4.62 | >2) <18 
S23} 1935/| 8/24/36) 0.22 |25.5-26 | 0.60 2.5-3.5) 1.07 1} 
| 9/11/36) 0.22 26 0.556 4 | 1.5-2 | 1.80 1} 
{| 10/14/35} 0.23 | 20-25 | 2.48| 2 | 3.54 | 3.76 | >2) <18 
S83} 1935{| 9/ 2/36 0.22 25 0.875 } 2 3.45 | >2h 
\| 9/21/36) 0.22 |25.5-26 | 0.71 $ | 1.5-2 | 2.83 2 
(| 10/ 9/35) 0.23 | 20-25 | 1.87) 1 1-8 . . 
| / « < o_< 9 72 9 5 2 91 
$129 | 1935 | 10, 15/35 0.23 19-24 2.78 1} : 9 6 28 >2} <18 
\| 9/ 3/36, 0.22; 25 | 0.732 4 | 1.5-2 | 3.38! >25 
9/22/36 0.22 25-26 0.493 3 2 1.03 l 
| 
| 8/27/36, 0.23 | 25-26 | 1.0 1 2-3 | 3.90 | >2) 
2147 | 193 . = pty: “ 
| 19361) 9/15/36 0.22 24.5-25 | 1.34! 1 1-2 | 6.50 | >24 
| 
{| 9/ 1/36) 0.22 25 2.07 1 1.5-2 | 6.75 | >2) 
2201 | a 
eed | 9/17/36 0.22 25-25.5 3.200 1 1-1.5 4.95 | >2} 
‘| 8/31/36 0.20 25 1.02 1 2 6.30 2 
936 ‘ 
2205 | 1936) 9716/36 0.20) 25-26 | 1.388 1 1-1.5 5.26 | >2 
8/20/36 0.20 25.5-26 1.7 1 1.5-2.5 5.20 >24 <18 
2388 1936 : 
1936) 9/10/36 0.20 25 3.25; 1 1 11.70) >2} 
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TABLE 1—Concluded 


E. TYPHOSA INITIAL HIGH TEMPERATURE LOW TEMPERATURE 
cL. 
DATE OF RESID. Com- Ob- Com- 
EXPERI- : 
Strain | Year| “mnt | WATER) Degree c,  Puted | S184 | Degrees | Guted | Observed 
<r ; a to kill to ' to kill to killt 
99.9° killt 99.9°;, 
p.p.m. 
. _{ 8/19/36 0.22) 25-26 0.60; 4 23 | 1.6 2 
2587 | 19364 
, 36)! 9/ 9/36 0.22 24.5-25 2.08) 1 1 8.45 | >24 
| 
2607 | 1936/| 8/24/36, 0.22 |25.5-26 | 0.92) 1 | 2.5-3.5 3.23 2} 
“| (tL 9/11/86} 0.22 26 60; 1 |1.52 14.40 >2 
9792 193¢/| 8/25/36, 0.22 24.5-25 0.95) 1 | 2.5-3 | 8.85 | >2} 
“| "| 9/14/36} 0.22 25 2.90) 1 1-2 /13.10 | >2 
o001 | 9/ 2/36) 0.22 25 1.06 1 2 5.0  >2} 
~ “|| 9/21/36) 0.22 |25.5-26 (1.16) 1 1.5-2 | 3.40 2 
s41| 1936/| 9/ 3/36) 0.22 25 1.17| 1 | 1.52 | 6.80 24 
|| 9/22/36) 0.22 26 0.75 | 3 2 1.33 
s44! 1936¢/| 9/ 3/36) 0.22 25 0.837 4 | 1.52 | 5.20) >2) 
: {| 9/22/36) 0.22 26 0.448 4} 2 1.02) 1 


to 
— 
t 
or 
o 
_ 


347| 1936/| 9/ 8/36 495 1 | 1.5-2.5 8.14 | >2} 
wy \| 9/23/36, 0.22' 25 | 1.195) 4 | 0.51 | 4.18 >2} 


or 
bt 


oe 9 me e 5 5 9 
S53} 1936/ 9/ 8/36 0.21 25. .60 1 1.5-2.511.35 ~~ 
{ 


9/23/36, 0.22 25 1.25 1 0.5-1 | 5.20 | >2 


DISCUSSION AND SUMMARY 


The waters used had an initial chlorine residual within the 
range of from 0.20 to 0.23 p.p.m. The final chlorine residual 
varied from 0.17 to 0.22 p.p.m., so that the average residual 
during the test in every instance approached 0.20 p.p.m. The 
temperature ranges were maintained within limits of 2° varia- 
tion. With these variables reduced to a minimum, the fore- 
going results indicate that freshly isolated strains of Eberthella 
typhosa exhibit an appreciably greater resistance to chloramine 
than do strains that have resided on artificial media for an in- 
definite period of time. Strains of Eberthella typhosa isolated 
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in 1935 were killed in an average time of 2.18 hours when studied 
shortly after isolation. When they were retested in 1936, the 
average time required to kill them by chloramine of the same 
residual range and at the same temperature was 0.901 hours. 
Since the average time required to kill the old laboratory strains 
under the same conditions was 0.767 hours, it appears that, in 
one year, the strains isolated in 1935 lost a large part of the total 
probable decrease of resistance. This evidence points out a 
possible danger in the use of old laboratory strains in determina- 
tions of the effectiveness of chloramine as a disinfectant. It is 
again demonstrated that members of the freshly isolated group, 
as well as those that have been maintained on artificial media, 
exhibit considerable variations in their resistance to the action 
of chloramine. The possibility of error is apparent if conclu- 
sions are drawn from such determinations as those above men- 
tioned if only one strain be used. It is also clearly shown that 
the killing time is lengthened from three to five times by lowering 
the temperature from a range of 24.5° to 26°C. to one from 1 
to 3°C. 
CONCLUSIONS 

1. The resistance of Eberthella typhosa to the killing action of 
chloramine is materially reduced by prolonged residence on the 
usual artificial media. 

2. Strains of Eberthella typhosa isolated at approximately the 
same time may exhibit considerable differences in resistance to 
the action of chloramine. 
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Knight (1936) has stated that the nutritional requirements of 
the coliform bacteria are apparently quite simple. As reported 
by Koser and Rettger (1919), all strains of Escherichia coli, 
Escherichia acidi-lactict, Aerobacter aerogenes, and Aerobacter 
cloacae tested were able to grow in continued subculture in a 
medium of salts with ammonia or a single amino acid as source 
of nitrogen, glucose or glycerol being supplied as carbon source. 
Amino acids which were suitable nitrogen sources for these 
organisms were glycine, lysine, histidine, aspartic acid, trypto- 
phane and tyrosine. Braun and Cahn-Bronner (1921) grew 
E. colt aerobically with ammonium lactate as nitrogen-carbon- 
energy source. 

Koser (1918) reported that A. aerogenes was able to grow well 
in a synthetic medium containing uric acid as the sole source 
of nitrogen, whereas E. coli was unable to do so. He suggested 
that the differentiation was due to the inability of Escherichia 
strains to break down the purine ring and thus obtain nitrogen 
for growth from the uric acid. Several other investigators have 
studied utilization of purine derivatives by coliform bacteria. 
Mitchell (1937), in a comprehensive study of 360 strains of 
Escherichia, Aerobacter and Citrobacter, pointed out some interest- 
ing relationships. She determined the ability of these bacteria 
to grow in synthetic media containing various purine derivatives 
as sole source of nitrogen. Aerobacter strains grew well in all 
media tested: yeast nucleic acid, uric acid, allantoin, hydantoin, 


1 Present address: Dept. of Bact., Iowa State College, Ames, Iowa. 
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uracil, urea, adenine sulphate, and xanthine. Escherichia strains 
grew only in uracil, adenine sulphate, and xanthine; while the 
cultures of Citrobacter grew only in urea, adenine sulphate, and 
xanthine. 

Bacteria of the genus Aerobacter are commonly divided into 
two groups on the basis of ability to liquefy gelatin. Those 
which liquefy gelatin include A. cloacae. Although these bac- 
teria are able to destroy the solidifying power of the protein, 
they are unable to utilize the liquefied substance, as was shown 
by Berman and Rettger (1918a). These authors also found 
that this organism will not attack proteoses or coagulated 
proteins. 

One of the first quantitative studies of protein metabolism 
was that of Kendall and Bly (1922). These investigators made 
periodic analyses of 0.5 per cent gelatin-broth cultures of E. coli 
to follow changes in soluble, amino and ammonia nitrogen, and 
by calculation obtained values for ‘“‘polypeptide’’ (non-amino, 
non-ammonia, soluble) nitrogen. Their data show that the chief 
change in the nitrogenous constituents of the culture medium 
occurred in the “polypeptide” fraction, and that there was little 
change in amino nitrogen. Ammonia was produced after several 
days, due possibly to deamination of amino acids by the or- 
ganisms in search for energy. This was considered probable in 
view of the fact that no ammonia was liberated in glucose broth 
cultures. The authors concluded that no extracellular proteo- 
lytic enzyme was produced by E. colt. 

There has been relatively little quantitative work done on 
nitrogen metabolism of any coliform bacteria except EZ. coli. It 
was therefore considered desirable to study the utilization of 
various forms of nitrogen by representative strains of EF. coli, 
A. aerogenes, and an Escherichia-Aerobacter intermediate. 


METHODS 


The bacteria employed in this investigation were typical 
strains of E. coli and A. aerogenes obtained from Dr. B. W. 
Hammer, and a citrate-positive, methyl-red-positive, Voges- 
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Proskauer-negative Escherichia-Aerobacter intermediate obtained 
from Dr. C. H. Werkman. 

The experimental procedure consisted of periodic analysis of 
cultures in media containing ammonium chloride or peptone as 
source of nitrogen, in addition to glucose and dibasic potassium 
phosphate. Quantitative determinations were made for total 
nitrogen, non-protein or tungstic acid-soluble nitrogen, ammonia 
nitrogen, and alpha-amino nitrogen. Soluble nitrogen was deter- 
mined by the micro-Kjeldahl method on tungstic acid filtrates 
of the cultures, absorbing the liberated ammonia in 5 per cent 
boric acid and titrating with standard n/100 acid. Ammonia 
nitrogen was determined by the Folin aeration method employing 
solid sodium carbonate to liberate the ammonia, which was 
absorbed in n/100 acid; excess acid was titrated with standard 
n/100 NaOH. Alpha-amino nitrogen was determined by the 
Van Slyke method using a micro-apparatus on the residue left 
after determination of ammonia. All procedures were checked 
for recovery of added nitrogen and standardized to give uniform 
and accurate results. 

The composition of the media employed is indicated in the 
tables of results. Media were dispensed in 25 ml. amounts in 
six-ounce bottles. These were inoculated with one drop of 24- 
hour cultures of the bacteria growing in the same medium. Incu- 
bation was at 35-37°C. For each analysis triplicate bottles of 
the same culture were pooled, and duplicate determinations made 
on the pooled material. 


UTILIZATION OF AMMONIA 


Utilization of ammonia nitrogen by coliform bacteria was 
determined by analysis of three-day cultures in a medium con- 
taining 0.08 per cent NH,Cl as source of nitrogen. The results 
are shown in table 1. The decrease in ammonia nitrogen ranged 
from 12.8 per cent in the case of E. coli to 21.5 per cent in the 
A. aerogenes cultures. The figures show that all three coliform 
strains possess the ability to derive their nitrogen from an ammo- 
nium salt, but that there are no striking differences between 
the strains with respect to the amounts required. 
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UTILIZATION OF PEPTONE NITROGEN 


Cultures containing peptone as source of nitrogen and glucose 
as source of carbon and energy were analyzed after two, four, 


TABLE 1 
Utilization of ammonia nitrogen by coliform bacteria 
Medium: NH,C! (0.08 per cent), glucose (0.5 per cent), K,HPO, (0.5 per cent); 
pH 7. Age: 3 days. 


CULTURE NH:N 1n mom. per 100 mt. 
Control 21.8 
E. coli 19.0 
A. aerogenes ; 17.1 
Intermediate 17.7 


TABLE 2 
Utilization of peptone nitrogen by coliform bacteria 


Medium: peptone (0.5 per cent), glucose (0.5 per cent), KzZHPO, (0.5 per cent); 


TOTAL PROTEIN won nepyae- AMINO | AMMONIA 

CULTURE AGE N N —- ENCE N N 
days 

0 88.6 62.6 26.0 9.6 16.3 0.1 
: ’ 2 68 20.3 6.6 13.2 0.5 
E. coli { 67.5 | 21.1 2.7 17.7 0.7 
6 66.3 22.3 5.2 16.7 0.4 
0 88.6 62.6 26.0 9.6 16.3 0.1 
2 75.5 13.1 0.2 11.8 5.3 
A. aeregenes 4 75.5 | 18.1 0.9 11.9 | 0.3 
6 71.7 16.9 1.3 14.8 0.8 
0 88.6 62.6 26.0 9.6 16.3 0.1 
: 2 71.5 17.1 1.7 15.2 0.2 
Intermediate 4 68.9 | 19.7 3.2 16.3 0.2 
6 68.7 19.9 2.3 17.5 0.1 


and six days of incubation. The results are presented in table 2. 
The data for protein nitrogen represent the difference between 
total and non-protein nitrogen. ‘‘Polypeptide’’ nitrogen was cal- 
culated in the manner employed by Kendall and Bly (1922), 
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mentioned previously. Connor, Peterson and Riker (1937) con- 
sider ‘“‘difference’”’ nitrogen a more accurate term for this frac- 
tion, since, in addition to peptide nitrogen, it also includes non- 
amino nitrogen of amino acids and other undetermined nitrogen. 
It is apparent that with Z. coli the greatest change in nitrogen 
distribution occurred in this fraction, thus confirming the report 
of Kendall and Bly. The increase of amino nitrogen in E. coli 
cultures between the second and fourth days appeared to be 
characteristic, as it was found in several experiments. It may 
be taken to indicate hydrolysis of polypeptides to simpler pep- 
tides or to amino acids. 

A. aerogenes caused the greatest change in soluble or non- 
protein nitrogen, reducing its concentration in the medium nearly 
50 per cent in two days. This organism likewise caused the 
greatest decrease in amino nitrogen. Almost all the difference 
nitrogen was removed from solution in the first two days of 
growth. 

The intermediate culture likewise utilized almost all the dif- 
ference nitrogen within two days, but caused little change in 
amino nitrogen. 

In every case, the data indicate a considerable synthesis of 
bacterial protein during the first two days of growth. There- 
after the protein nitrogen decreased while difference nitrogen, 
and in some cases amino nitrogen, increased. It is therefore 
evident that cellular autolysis took place. It is interesting to 
note that in no case were large amounts of ammonia liberated. 

UTILIZATION OF AMMONIA IN PRESENCE OF PEPTONE 

Experiments were performed in which the culture medium con- 
tained both ammonium chloride and peptone as sources of nitro- 
gen, in an attempt to determine which form of nitrogen is more 
readily utilized by coliform bacteria. The results of analyses 
are shown in table 3. In general, the changes in nitrogen dis- 
tribution are similar to those shown in the previous table, when 
peptone alone served as nitrogen source. As before, the greatest 
changes occurred in the difference nitrogen fraction. In no case 
was ammonia utilized to any appreciable extent. In fact, there 








16 PHILIP L. CARPENTER 


was an increase of ammonia nitrogen in every culture at some 
time during the period of incubation. 

It must be remembered that the ammonia content of the me- 
dium at any moment may represent merely the balance between 
the processes of production and utilization. That is, an or- 
ganism may liberate ammonia by deamination of amino acids 
and immediately utilize it as source of nitrogen. Accumulation 


TABLE 3 
Utilization of peptone and ammonia nitrogen by coliform bacteria 
Medium: peptone (0.5 per cent), NH,C1 (0.075 per cent), glucose (0.5 per cent), 
K,HPO, (0.5 per cent); pH 7. Nitrogen in milligrams per 100 ml 


CULTURE sen — voqenes PROTEIN "ENCE AMINO | AMMONIA 
. ¥ N N 
days 
0 102.6 60.3 42.3 8.0 14.6 19.7 
— }} 2 65.1 | 37.5 | 3.9 | 13.2 | 20.4 
4 63.7 38.9 0.2 18.6 20.1 
6 62.6 40.0 4.8 14.7 20.5 
| 0 102.6 60.3 42.3 8.0 14.6 19.7 
A. aevequnes 2 68.4 34.2 2.5 11.3 20.4 
4 71.4 31.2 11.1 
6 72.5 30.1 2.5 9.5 18.1 
0 102.6 60.3 42.3 8.0 14.6 19.7 
i iiaMlatn } 2 66.3 36.3 2.3 15.9 18.1 
4 64.6 38.0 3.8 14.6 19.6 
6 64.0 38 .6 7.8 10.7 20.1 


of ammonia in the medium should occur only in the absence of 
a suitable supply of available energy. 

It is possible that amino acids or simple peptides may be 
synthesized directly into bacterial protoplasm without interme- 
diate deamination. Wilson, Peterson and Fred (1930) showed 
that there was strong possibility of synthesis of protoplasm from 
amino acids by an anaerobe, Clostridium acetobutylicum. The 
fact that in the present experiments the ammonia content of 
the medium did not decrease indicates that this may also be 
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true for some of the coliform bacteria. If the organisms were 
deaminating amino acids and then using the resulting ammonia 
to build up protoplasm, it is reasonable to assume that they 
might also utilize some of the ammonia which was added as 
ammonium chloride, and which could be secured without the 
expenditure of energy necessary to split it off from amino acids. 
There should consequently result a net decrease in ammonia 
nitrogen. It may be objected that some more “active” form 
of ammonia, such as might result in the process of deamination, 
is required for bacterial synthesis. This, however, is contra- 
dicted by the demonstrated ability of coliform bacteria to utilize 
nitrogen from ammonium salts. Therefore, the data strongly 
indicate that amino acids or simple peptides may be assimilated 
directly by these bacteria. 

Since it was evident that the coliform cultures studied made 
greatest use of organic nitrogen even in the presence of added 
ammonia, and since the greatest change in nitrogen distribution 
occurred in the difference or “polypeptide” fraction, an experi- 
ment was performed to give further evidence on this point by 
determining soluble peptide nitrogen directly. Alpha-amino 
nitrogen was determined as usual on tungstie acid filtrates of 
the cultures, both before and after acid hydrolysis. In general, 
the nitrogen distributions corresponded with those already 
reported. Relatively great changes were noted in the peptide 
fraction, thus confirming the trend of the calculated difference 
nitrogen data. 


UTILIZATION OF GLUCOSE AND NON-PROTEIN NITROGEN 


The relationship between growth, utilization of glucose and 
decrease in tungstic acid-soluble or non-protein nitrogen is shown 
by the following experiment. A medium containing peptone 
(0.5 per cent), glucose (0.4 per cent), K,HPO, (0.1 per cent), 
at pH 7, was employed. This was dispensed in bottles contain- 
ing 30 ml. of 1 per cent agar containing 5 per cent of CaCO, to 
neutralize acids produced during the fermentation. Plate counts, 
glucose and tungstic-acid-soluble nitrogen determinations were 
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made immediately after inoculation, and again after incubation 
at 37°C. for twelve and twenty-four hours. The results are 
shown in table 4. 

The data show that, with respect to the first twelve hours of 
growth, the cells of A. aerogenes were much more active than 
those of Z. coli in the utilization of glucose and non-protein 
nitrogen (the decrease in the latter per milliliter of culture was 
not as great, however, with Aerobacter as with Escherichia). The 
ratio of glucose to non-protein nitrogen shows that the Aero- 


TABLE 4 
Utilization of glucose and non-protein nitrogen by coliform bacteria 
Initial analysis: glucose = 3.63 mgm. per ml.; non-protein (tungstic acid 
soluble) nitrogen = 0.289 mgm. per ml. 


INTER- 


. . 0 N 
E. COLI A. AEROGENES MEDIATE 


12 hours 24 hours 12 hours 24 hours 12 hours 


Increase in bacterial count per 


ml. (X 10°) .. 755 855 486 796 168 
Glucose utilized (mgm. per 

ml.)... ecg ae 3.49 3.27 3.40 1.57 
Glucose utilized per cell (mgm. 

x 10-%) e 3.66 | 4.08 6.73 4.27 9.35 
Non-protein N utilized (mgm. 

per ml.).. BT 7 ee 0.057 0.081 | 0.050 0.091 0.032 
Non-protein N utilized per cell 

(mgm. X 10-")..... 7.55 | 9.48 | 10.29 11.42 19.05 
Rates ee 48.4 | 43.1 | 65.5 | 37.4 | 48.1 


Non-protein N 





bacter strain utilized more glucose per milligram of nitrogen than 
did the Escherichia. This may indicate that the former organism 
required more carbon either for cellular materials, or as source 
of energy for metabolic processes, or both. The results of the 
twenty-four hour analyses show that upon exhaustion of the 
carbohydrate, the ratio of glucose to non-protein nitrogen fell, 
as would be expected. 

The decrease was much greater in the case of A. aerogenes 
then in that of E. coli, and roughly paralleled the increase in 
bacterial count. This indicates attack upon the nitrogenous 
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constituent of the culture medium as source of food and energy, 
particularly in the Aerobacter culture. Analysis of cultures of 
the intermediate strain after twelve hours of growth showed 
greater utilization per cell of glucose and non-protein nitrogen 
than was obtained with either of the other two strains, but the 
glucose: non-protein nitrogen ratio was practically identical with 
that of E. coli. 


DISCUSSION 


It has been found that strains of Escherichia, Aerobacter, and 
an Escherichia-Aerobacter intermediate possessed the ability to 
utilize ammonia nitrogen in the absence of an organic source, 
but that when peptone nitrogen also was present there was no 
apparent utilization of ammonia nitrogen. In the peptone me- 
dium there was evidence of attack on the soluble or non-protein 
nitrogen, particularly the difference or “‘polypeptide”’ fraction. 
The strain of Aerobacter aerogenes showed greater activity than 
did the other two coliform strains in its action on soluble and 
amino nitrogen. This may be correlated in part with the rapid 
utilization of glucose by this organism and consequent necessity 
for obtaining carbon and energy from some other source, e.g., 
peptone. 

The so-called sparing action of carbohydrates on protein utiliza- 
tion has been emphasized by Berman and Rettger (1918b), 
Kendall et al., (1922), and by others. In particular, it has been 
noted that, in the absence of carbohydrates, there is a tendency 
toward increased ammonia production, attributed to deamina- 
tion of amino acids. However, tables 2 and 3 indicate that 
certain bacteria may assimilate amino and simple peptide nitro- 
gen directly and build it into protoplasm. This is noted par- 
ticularly in the case of the Aerobacter aerogenes cultures, in which 
glucose utilization was practically complete after the first day 
(cf. table 4). These showed a decrease of amino nitrogen far 
in excess of the change in ammonia nitrogen. That some con- 
stituent of the soluble or non-protein fraction of nitrogen was 
increasingly attacked after exhaustion of the carbohydrate was 
shown in table 4, where it was noted that Aerobacter aerogenes, 
in particular, evidently made use of soluble nitrogenous material 
as source of carbon and energy. 
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SUMMARY 


Strains of Escherichia, Aerobacter, and an Escherichia-Aero- 
bacter intermediate utilized ammonia when this was supplied as 
a sole source of nitrogen. However, when peptone nitrogen also 
was present, there was no apparent utilization of ammonia. 

Periodic analyses indicated that amino and simple peptide 
nitrogen might be assimilated directly and built into protoplasm 
without intermediate deamination. 


The author is greatly indebted to Dr. W. H. Peterson for 


suggestions and helpful criticism during the course of the work. 
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Many investigators have shown that the electrophoretic 
migration velocities of different bacteria are parallel with certain 
other properties of the cultures. The relationships to be de- 
scribed were noted during the course of an investigation of the 
electrophoretic migration velocities of colon bacilli. 

The technic of Chapman (1929) was employed, the capillary 
cell which was described by Falk, Jensen and Mills (1928) being 
used because it is convenient for studying a large number of 
cultures. Electrophoretic determinations were made almost 
daily over a period of about 5 years, during which time the aver- 
age velocities of three control strains of Escherichia coli remained 
constant. ‘Tittsler and Berry (1938) found that the velocity of 
colon bacilli remained constant during serial cultivation on a wide 
variety of culture media. 

In our earlier series, however, the individual measurements of 
the control strains were not constant. The variations were 
traced to changes in the distance between the electrodes which, 
being made of thin platinum wire, sometimes became bent while 
the capillary tubes were being placed in position or when the cell 
was being cleaned. Because of the difficulty of adjusting the 
distance precisely by means of calipers, and of assuring that the 
electrodes were parallel below the water line, the speed of the 
strains was controlled by a potentiometer. Before the tests were 
made each day, the speed of one of the standard strains was 
adjusted by the potentiometer until it coincided with its average 
velocity. The dial setting was kept at this point throughout the 
tests. The other two control strains were tested at the end of the 
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day’s series. If they showed deviations from their average 
velocities, it indicated that the electrodes had become bent 
during the tests and the calculations were, therefore, erroneous. 
This occurred only once, and the results were discarded. 

When suitably controlled, the results by this method should be 
comparable with those obtained by instruments which permit 
calculation of the absolute zeta potential. The results obtained 
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Fic. 1. Frequency DIstRIBUTION OF ELECTROPHORETIC MOBILITIES OF 5052 
Coui-AEROGENES CULTURES 


with the second control strain did not vary more than 2 per cent 
from the calculated average. The observed velocities of the 
third strain, which was more difficult to calculate because of its 
excessive speed, did not vary more than 4 per cent from the cal- 
culated average. Dozois, et al. (1932), Rosenow (1934) and 
Chapman (1929) agree that such readings in general do not vary 
more than 4 per cent. 
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Every effort was made to prevent contamination of the ap- 
paratus by grease. The capillary tubes were boiled several hours 
in bichromate-sulfuric acid cleaning fluid. 

The velocities of 5052 cultures of colon bacilli were determined 
as just described and the results are classified in figure 1. The 
frequencies of citrate-utilizing and non-utilizing strains which 
produced an Aerogenes type of colony on Levine’s eosine meth- 
ylene-blue medium were identical, the modes being 53u/100 
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ELECTROPHORETIC MOBILITY 


Fic. 2. RELATIONSHIP BETWEEN THE ELECTROPHORETIC MIGRATION VELOCITIES 
oF E. coli SrRAINS AND THE COMPLEMENT-FIXING Power wits E. coli ANTIGEN 
OF THE SERUM FROM THE PERSONS FROM WHOM THE STRAINS WERE ISOLATED 


applied volts/sec./3.45 em. The frequencies of hemolytic and 
non-hemolytic strains of E. coli were similar, the modes being 
about 58u. Paracoli (non-lactose fermenters, or degraded colon 
bacilli) had a mode of about 58 to 63u. Dozois (1936) found the 
average velocity of Escherichia to be different from the average 
of Aerobacter. 

Of 1237 strains which were considered as having produced an 
Aerogenes type of colony on Levine’s eosine methylene-blue 
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medium, 55.5 per cent did not utilize citrate on Simmons’ me- 
dium. The taxonomic position of these strains has not been 
determined. Their failure to utilize citrate, and their reactions 
to indol, methyl-red and Vosges-Proskauer tests suggests that 
they belong to the genus Escherichia. Mucoid forms of £. coli 
were described by Parr (1933). However, the electrophoretic 
frequency distribution curves and the appearance of the colonies 
on Levine’s medium indicate that they may be more closely 
related to Aerobacter than to E. coli. Complement-fixation re- 
actions support this view, as will be shown elsewhere. 

There was a general relationship between the electrophoretic 
migration velocities of E. coli strains isolated from feces and the 
complement fixing power of the active serum of the person from 
whom the cultures had been isolated (fig. 2). Of the ZF. coli 
strains isolated from persons whose sera fixed complement with 
E. coli antigen, 63 per cent had velocities of less than 52u/100 
applied volts/sec./3.45 em., while only 31 per cent of EZ. coli 
strains from persons whose sera did not fix complement with 
E. coli antigen had similar velocities. This suggests that the 
power to stimulate complement-fixing antibodies is related to 
the electrophorectic mobilities of the cultures; possibly both 
characteristics are in part dependent upon a common factor. 


CONCLUSIONS 


Based upon results obtained with the Falk capillary type cell, 
the distribution frequencies of the electrophoretic migration 
velocities of cultures producing an Aerogenes type of colony on 
Levine’s eosine methylene-blue medium were similar, regardless 
of their reactions to indol, methyl-red and Vosges-Proskauer tests, 
but were different from those of Escherichia coli and non-lactose 
fermenters. 

Strains of E. coli isolated from persons whose sera fixed com- 
plement with £. coli antigen had a different frequency distribu- 
tion of electrophoretic migration velocities than had strains 
isolated from persons whose sera did not fix complement with 
E. coli antigen. This suggested that differences in electrophoretic 
migration velocities of E. coli cultures are associated with differ- 
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ences in the power of the cultures to stimulate the production of 
complement fixing antibodies to E. colt. 
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In a previous communication (Mackie, 1938) we have re- 
ported observations upon the Shigella dysenteriae agglutinin 
curves in a group of patients presenting the intestinal pathology 
of chronic bacillary dysentery and bacteriologic or serologic ev- 
dence of infection by these organisms. Fluctuation of the titre 
curves in individual patients, the common finding of higher 
titres in the culture-negative cases than in the culture-positive 
cases, and the infrequency and low titre of normal agglutinins in 
the control groups, suggest that agglutinins for Shigella dysen- 
teriae may develop in response to non-specific heterologous infec- 
tion. The studies here reported were undertaken to investigate 
this possibility. 

It is known that immunization of an animal against Eberthella 
typhosa often leads to the production of major agglutinins for 
the homologous organism, and of minor agglutinins for certain 
strains of Escherichia coli. Absorption of such a serum by its 
homologous antigen removes the minor as well as the major 
agglutinins (Bulloch, 1929). Agglutinins for S. dysenteriae, 
previously absent, have been observed to appear in the serum 
of certain patients suffering from chronic ulcerative colitis in the 
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course of immunization with a mixture of EF. coli toxin and 
vaccine (Winkelstein). 

According to Gay (1935) it is not unusual, in bacillary dysen- 
tery, to recover E. coli which agglutinate in Flexner anti-serum. 
This phenomenon of para-agglutination was first reported by 
Duval and Shorer (1904). It was confirmed subsequently by 
others (Park and Williams, 1910; Kuhn, Gildemeister and War- 
the, 1911; Kligler, 1918). 

Hegedus (1933) has reported the isolation of strains of EZ. coli 
from dysentery patients which were agglutinated by Flexner anti- 
serum. An anti-coli serum prepared with one of these strains 
agglutinated Flexner bacilli to fifty per cent titre. Reciprocal 
absorption of this serum by the homologous and heterologous 
bacilli completely removed the agglutinins for both organisms. 
It is not entirely clear, however, that he was using uniformly 
smooth cultures. Rough variants of several Flexner strains and 
Sonne bacilli have been shown to be related to a group of non- 
hemolytic, non-sucrose-fermenting EF. coli (White, 1929). 

A wide immunological relationship exists between the “R”’ 
variants of the intestinal bacilli (Schiitze, 1921; White, 1926; 
Arkwright, 1931). Moreover, the “‘O” (somatic) antigen in any 
group is shared by many organisms in that group, and occasion- 
ally by unrelated organisms (Zinsser and Bayne-Jones, 1935). 
The agglutination relationships between rough variants of the 
intestinal bacilli are determined by the “‘O” antigens and ag- 
glutinins of roughness. Partial ‘““R”’ dissociation, therefore, may 
lead to non-specific agglutination. Thibault and Braunberger 
(1935), working with the Shiga bacillus, have found that neither 
colony appearance nor physical tests could be depended upon to 
insure pure “S”’ strains. 


MATERIAL 


We have isolated thirteen strains of Escherichia coli which 
exhibit close antigenic relationship to Shigella dysenteriae Sonne 
and Flexner. These were obtained from twelve patients whose 
sera agglutinated Flexner or Sonne strains but were repeatedly 
negative on culture at proctoscopy for S. dysenteriae. The ag- 
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glutinability of these strains of FE. coli, and their ability to absorb 
the dysentery agglutinins from the patients’ sera have been in- 
vestigated. In like fashion their behavior in monovalent anti- 
dysentery rabbit serum has been studied. Each strain of EZ. coli 
has been used to produce a monovalent anti-coli rabbit serum, 
and the agglutinability and agglutinin absorption capacity of the 
homologous £. coli and heterologous S. dysenteriae have been 
studied. 


METHODS 


Care was exercised to insure the use of smooth strains of 
E. coli and of S. dysenteriae for the preparation of anti-sera, for 
the absorption antigens, and for the preparation of formolized 
antigens for agglutination tests. Repeated plate subcultures 
were used. Discrete colonies were examined under high mag- 
nification with the dissecting microscope. Only smooth glassy 
colonies were replated. These replatings were continued until 
subcultures were uniformly smooth. One smooth colony was 
then fished to slants for preparation of the antigen, and plate 
cultures were made from the slant growth and re-examined for 
smoothness. All were tested for spontaneous flocculation in 
0.85-per-cent sodium chloride solution. 

Agglutination reactions have been performed with formolized 
antigens. Standard agglutination tubes have been used, and in 
each instance the end point of the reaction has been considered 
to be that dilution in which definite although incomplete clumping 
is visible to the unaided eye. The detailed technique was 
identical with that used in the previous study (Mackie, 1938). 

Living antigens were used throughout for absorbing the sera. 
In each instance the serum was diluted 1/5 with 0.85 per cent 
saline solution. To this was added an equal volume of cell 
suspension. For absorbing the human sera, a 1/20 cell dilution 
was used. Lack of sufficient serum made titration impracticable. 
For the rabbit sera, however, the absorbing dose was titrated in 
each instance and that dose chosen which reduced the homologous 
agglutinin titre to 1/20. These cell dilutions varied from 1/2 
to 1/25. The suspension of living cells and diluted serum was 
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held in the water bath at 45°C. for two hours, and then placed 
in the icebox over night. The serum and bacterial bodies were 
separated by centrifuge and the supernatant fluid tested in serial 
dilution with formolized antigen. 

The Escherichia coli strains were recovered by direct inoculation 
at proctoscopy upon plates of MacConkey’s medium, eosin meth- 
ylene-blue and desoxycholate agar. After twenty-four hours in- 
cubation, one hundred random colonies were fished to rabbit 
blood agar plates. These were kept at room temperature over 
night. Five nonhemolytic, and, if present, five hemolytic 
colonies, were inoculated by stab into tubes of 0.5 per cent 
hormone agar and thence to agar slants. These ten strains were 
then tested against the monovalent anti-dysentery rabbit sera. 
All those that agglutinated were retained and one non-agglu- 
tinating strain was likewise retained for purposes of control. 

The cultural characteristics of the Escherichia coli are shown 
in table 1. Five were motile. Eight were non-motile. Ten of 
the strains were hemolytic on rabbit-blood agar. All were gas 
formers. All gave positive methyl-red and negative Voges- 
Proskauer reactions. Gelatin was not liquefied. Indol was 
tested for colorimetrically. 5 cc. broth cultures containing 1 per 
cent peptone and 0.5 per cent NaCl were incubated at 37.5°C. 
for two days. To these were then added 1 cc. dimethylamido 
benzaldehyde (2 grams in 100 cc. ethyl alcohol) and 6-7 drops 
of concentrated HCl. The mixture was then shaken with 2 cc. 
of chloroform and the color of the latter checked against LaMotte 
pH indicators. The presence of indol is demonstrated by a pH 
reading ranging from 7.2 to 8.2 

The Shigella dysenteriae strains are subcultures of known types 
(Murray, 1918) kindly furnished to us by Professor E. G. D. 
Murray of McGill University, as follows: 

PB24, Karim Kahn: Y Ledingham, Mannitol fermenting; 
Flexner types; E. Ledingham: Slow lactose-fermenting; Sonne. 

These have been compared with strains of S. dysenteriae ob- 
tained from the Hygienic Laboratory of the United States Public 
Health Service. The cultural reactions are comparable (table 2). 
Agglutination and agglutinin absorption tests confirm the classifi- 
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cation of the antigens used for this and the preceding study. 
Dispar + 29 agglutinates to full titre of the E. Ledingham serum 
and completely absorbs the homologous agglutinins. Flexner 
+57 and VX +37 agglutinate to full titre in PB24 serum and 
completely remove the homologous agglutinins. Flexner Lister V 
agglutinates to the full titre of Karim Kahn antiserum and com- 
pletely absorbs the homologous agglutinins. Y Ledingham + 44 
agglutinates to full titre of our Y Ledingham serum and com- 
pletely removes the homologous agglutinins. 
EXPERIMENTAL DATA 

Findings with patients’ sera 

Sera from the twelve patients from whom the Escherichia coli 
were recovered were tested for agglutinins against the homologous 
E. coli and the four S. dysenteriae antigens (table 3). The titres 
for the latter ranged from 1/80 to 1/649. Five of the coli 
strains failed to agglutinate; eight showed agglutination at dilu- 
tions of 1/40 to 1/640. In four instances the coli and the 
dysentery agglutinin titres were identical. One strain of E. coli 
agglutinated in higher dilution than the S. dysenteriae antigens. 

Nine of the sera, after absorption with the corresponding 
strains of E. coli, showed complete disappearance of agglutinins 
for one or more of the strains of S. dysenteriae. 

Five of the sera, after absorption with one or more of the 
S. dysenteriae antigens, showed complete loss of agglutinins for 
the corresponding strain of E. coli. In one serum the titre was 
reduced and in one it was unchanged. Lack of serum prevented 
studies of the remaining sera. 


Findings with monovalent anti-dysentery rabbit sera 


Four monovalent rabbit anti-sera were used for this study. 
PB24, Karim Kahn, and E. Ledingham reached a titre of 40,960. 
the Y Ledingham serum titre was 20,480. 

The agglutinability of the thirteen strains of FE. coli was studied 
in these sera unabsorbed, after absorption by the homologous 
S. dysenteriae, and after absorption by the heterologous £. coli. 
In each instance absorption by the homologous antigen removed 
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both the homologous dysentery agglutinins and the heterologous 
coli agglutinins. Absorption of the sera by the individual EL. coli 
strains removed the corresponding coli agglutinins. 

Unabsorbed PB24 serum did not agglutinate any of the FZ. coli 
strains to full titre (table 4). One strain, S-NH, reached half 
titre, and two, W-NH and W-H7, agglutinated at one-eighth 
titre. All the remaining strains agglutinated in serum dilutions 
varying from 1/160 to 1/1280. 


TABLE 4 
Agglutinin titres—E. coli vs. PB24 serum 


P24 SERUM ABSORBED WITH PB24 SERUM ABSORBED WITH 


pp24 an- E. COLI V8. E. COLI E. COLI v8. PB24 
PB24 SERUM UNABSORBED SORBED WITH . = 
_ a Final titre pom nny Final titre 

PB24 40 , 960 20 

MI-H6~— 2,560 20 MI-H6 20 MI-H6 40 , 960 
VC-H3 160 20 VC-H3 20 VC-H3 40, 960 
S-H6 320 20 S-H6 20 S-H6 40 , 960 
G-NH3 1,280 20 G-NH3 20 G-NH3 10,240 
S-NH 20, 480 20 S-NH 20 S-NH 5,120 
W-NH 5,120 20 W-NH 20 W-NH 40 , 960 
W-H7 5,120 20 W-H7 20 W-H7 10,240 
T-H1 1,280 20 T-Hl 20 T-H1 20 , 480 
A-H6 1, 280 20 A-H6 20 A-H6 10,240 
W-H12 160 20 W-H12 20 W-H12 40 , 960 
L-H2 320 20 L-H2 20 L-H2 20, 480 
L-H1 160 20 L-H1 20 L-H1 40,960 
G-H2 320 20 G-H2 20 G-H2 10,240 


Absorption with the individual coli strains variously affected 
the titre for the homologous dysentery antigen. Strain S-NH, 
which agglutinated to highest titre in the unabsorbed serum, 
proved to be the most active absorber of the group, reducing the 
titre for PB24 to 5,120. W-H7, which agglutinated to an eighth 
titre, reduced the homologous agglutinins to 10,240. The three 
strains, G-NH3, T-H1, and A-H6, likewise showed active ab- 
sorption. They reduced the titre for the homologous PB24 
antigen to 10,240, 20,480, and 10,240 respectively. L-H2 and 
G-H2, although agglutinating only to 1/320, reduced the titre 
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for the homologous dysentery antigen to 20,480 and 10,240 
respectively. 

The unabsorbed Karim Kahn serum likewise failed to ag- 
glutinate any of the Z. coli strains to full titre (table 5). Only 
two, W-H7 and L-H1, reached one-quarter titre. The remainder 
agglutinated in dilutions varying from 1/320 to 1/5120. 

Eight of the EZ. coli strains, when used to absorb the Karim 
Kahn serum, reduced the titre of this serum for its homologous 


TABLE 5 
Agglutinin titres—E. coli vs. Karim Kahn serum 


| 
KK SERUM ABSORBED WITH KK SERUM ABSORBED WITH 


KK SERUM AB-! E. COLI V8. EB. COLI E. COLI V8. KK 
KK SERUM UNABSORBED SORBED WITH 
- | ——- Final titre ———s Final titre 

KK 40,960 | 20 
MI-H6 320 20 MI-H6 2 | MI-H6 40, 960 
VC-H3 640 20 VC-H3 20 | VC-H3 40,960 
S-H6 640 | 20 | §-H6 20 | S-H6 20, 480 
G-NH3 640 20 G-NH3 20 | G-NH3 40 , 960 
S-NH 5,120 | 2 S-NH 20 =| S-NH 20 
W-NH-~ 2,560 | 20 | W-NH 20 W-NH 5,120 
W-H7 10, 240 20 W-H7 20 W-H7 5,120 
T-Hl 1,280 20 T-H1 20 | T-H1 20,480 
A-H6 2,560 20 A-H6 20 A-H6 10,240 
W-H12 640 | 20 | W-H12 20 W-H12 40 , 960 
L-H2 640 20 L-H2 20 L-H2 40,960 
L-H1 10,240 20 L-H1 20 L-H1 10,240 


G-H2 320 20 G-H2 20 G-H2 10,240 


antigen to fifty per cent or less. S-NH, although agglutinating 
only to 5120, completely absorbed the Karim Kahn agglunitins. 
G-H2, which agglutinated only to 1/320 in the unabsorbed serum, 
reduced the titre for the homologous antigen to twenty-five 
per cent. 

The unabsorbed Y Ledingham serum agglutinated one of the 
E. coli strains, W-H7, to full titre; a second, S-NH, to half titre; 
and a third, W-NH, to one-quarter titre. The remaining ten 
strains agglutinated at dilutions ranging from 1/160 to 1/2560 
(table 6). 
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Nine of the £. coli strains, when used to absorb the Y Leding- 
ham serum, reduced the titre for the homologous dysentery 
antigen to fifty per cent or less. The completeness of absorption, 
however, did not parallel exactly the agglutinability of the coli 
strains in the unabsorbed serum. W-H7, which agglutinated to 
full titre, reduced the homologous dysentery agglutinins to fifty 
per cent. S-NH agglutinated at half titre and reduced the 
homologous agglutinins to 1/1280. W-NH agglutinated at 





TABLE 6 
Agglutination titres—E. coli vs. Y Ledingham serum 
| Y LED SERUM ABSORBED Y LED SERUM ABSORBED 
Y LED SERUM ven WITH E. COLI V8. EB. COLI WITH E. COLI V8. Y nas 
me | | eee | metee | onan | Seen | mane 

organism | Final titre organism Final titer 

YLed 20,480 | 2 
MI-H6 1,280 20 | MI-H6 |= 20 MI-H6 | 10,240 
VC-H3 160 | 2 | VC-H3 | 2% | VC-H3 | 20,480 
S-H6 640 | 2 | SHE | 2 | S-H6 | 10,240 
G-NH3 640 | 20 | G-NH3 | 2 | G-NH3 | 10,240 
S-NH 10,240 2 | SNH | 2 #| SNH | 1,280 
W-NH 5,10 | 2 | W-NH | 2 W-NH | 10,240 
W-H7 20,489 | 2 =| W-H7 | 2 # | W-H7 | 10,240 
T-H1 1230 | 2 | T-Hi | 2 #=| T-Hi | 20,480 
A-H6 — 2, 560 20 A-H6 | 2 #| A-H6 | 10,240 
W-H12 640 20 W-H12 | 2 W-H12 | 20,480 
L-H2 640 0 | Los | @ L-H2 | 5,120 
L-H1 160 20 L-H1 20 L-Hl 20, 480 

20 


G-H2 320 20 G-H2 


G-H2 10,240 


twenty-five per cent titre and reduced the dysentery agglutinins 
to fifty per cent. 

Four strains, which agglutinated in relatively low dilutions, 
1/320 to 1/640, proved to be active absorbers of Y Ledingham 
agglutinins, reducing the titre of the serum in these instances to 
fifty per cent and in one to twenty-five per cent. 

The results obtained with E. Ledingham (Sonne) serum were 
striking (table 7). Six of the coli strains agglutinated at full 
titre, one at half titre, artd two at one-quarter titre. One reached 
one-eighth titre. The remaining three failed to agglutinate in 
dilutions above 1/320. 
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The six strains of E. coli, which agglutinated at full titre in 
the E. Ledingham serum, completely absorbed the dysentery 
agglutinins. The two strains A-H6 and W-H12, which ag- 
glutinated at one-half and one-quarter titre respectively, likewise 
completely absorbed the E. Ledingham agglutinins. G-NH3 
agglutinated to one-quarter titre and reduced the dysentery 
agglutinins to one-eighth. W-NH7 and W-H7, which aggluti- 
nated only to 1/320, reduced the homolegous agglutinins in the 
serum to fifty per cent. S-NH agglutinated at 1/320 and reduced 


TABLE 7 
Agglutination titres—E. coli vs. E. Ledingham serum 
E. LED SERUM ABSORBED E. LED SERUM ABSORBED 


E. LED SERUM WITH E. COLI V8, BE. COLI WITH E. COLI V8. BE. LED 
ABSORKED 


E. LED SERUM UNAB- 


SORBED " D 

—— ——— Final titre oe Final titre 
Ek. Led 40,960 20 
MI-H6 40,960 20 MI-H6 20 MI-H6 yt) 
VC-H3 40,960 20 VC-H3 20 VC-H3 20 
S-H6 40 , 960 20 S-H6 20 S-H6 20 
G-NH3_ 10,240 20 G-NH3 20 G-NH3 5,120 
S-NH 320 20 S-NH 20 S-NH 10,240 
W-NH7 320 20 W-NH7 20 W-NH7 20 , 480 
W-H7 320 20 W-H7 20 W-H7 20, 480 
T-Hl 40,960 20 T-Hl 20 T-H1 20 
A-H6 20 , 480 20 A-H6 20 A-H6 20 
W-H12 10,240 20 W-H12 20 W-H12 20 
L-H2 40 , 960 20 L-H2 20 L-H2 20 
L-H1 5,120 20 L-H1 20 L-H1 5,120 
G-H2 40 ,960 20 G-H2 20 G-H2 20 

. 


the agglutinins to twenty-five per cent. L-H2 agglutinated to 
1/5120 and reduced the serum titre after absorption to the 
same figure. 


Findings with monovalent anti-coli rabbit sera 


A monovalent rabbit serum was prepared against each of the 
thirteen strains of Escherichia coli. These sera ranged in titre 
from 10,240 to 40,960. 

The agglutinability of the four strains of S. dysenteriae was 
studied in these sera unabsorbed, after absorption by the homolo- 
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gous F. coli, and after absorption by the heterologous S. dysen- 
teriae. Absorption of each serum by its homologous antigen 
removed both the homologous coli agglutinins and the heter- 
ologous dysentery agglutinins. Absorption of the sera by the 
individual strains of S. dysenteriae removed the corresponding 
dysentery agglutinins. 

The thirteen sera fall into two groups on the basis of the 
behavior of the E. Ledingham dysentery bacillus. The first 
group of five, with the exception of one, W-NH, fail to reveal 
any antigenic relationship between the homologous EF. coli and 
the E. Ledingham Sonne. The second group of eight sera, on 
the other hand, afford evidence of close relationship between 
the homologous antigens and the heterologous E. Ledingham. 

The five sera of group one (table 8) failed to agglutinate 
E. Ledingham above 1/640. In one instance, W-NH, absorp- 
tion of the serum with this strain of S. dysenteriae reduced the 
titre for the homologous £. coli fifty per cent. The other sera 
were not affected. 

Varying reactions were obtained with the Flexner strains. 
The PB24 Flexner agglutinated to full titre in unabsorbed S-NH 
serum. Absorption of the serum with PB24 completely removed 
the homologous coli agglutinins. The Y Ledingham and Karim 
Kahn Flexners, agglutinated at one-half and one-eighth titre 
respectively. Each completely absorbed the homologous coli 
agglutinins. 

W-NH serum, titre 40,960, agglutinated Karim Kahn to one- 
quarter titre. Absorption with this organism reduced the 
homologous coli agglutinins to 640. Y Ledingham, which ag- 
glutinated at one-eighth titre, did not absorb the homologous 
agglutinins. Conversely, E. Ledingham and PB24, agglutinating 
at 1/640, reduced the serum titre for the homologous coli to 
fifty per cent. 

G-NH3 serum agglutinated PB24 at 1280. Absorption with 
this strain of Flexner reduced the titre for the homologous antigen 
to fifty per cent. Two of the other dysentery antigens ag- 
glutinated at low titre but failed to absorb. 

W-H7 serum agglutinated the three Flexner strains at one-half, 
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one-quarter and one-eighth titre respectively. Absorption with 
these organisms reduced the homologous coli agglutinins to one- 


TABLE 8 


Agglulination titres—S. dysenteriae vs. E. coli sera 


SERUM ABSORBED WITH & SERUM ABSORBED WITH & 
DYSENTERIAE V8. 8. DYSEN DYSENTERIAE V8. HOMOL 
TERIAE OGOUS E. COLI 
E. COLI SERUM ee —— — Final 
Absorbing or- corre- Absorbing or- —— 
ganism spond- ganism 
ing or- | ool 
ganism 
G-NH3 20,480 
E. Led 640 E. Ledingham;| 20 Ek. Ledingham 20,480 
G-NH3 PB24 1, 280 PB24 20 | PB24 10,240 
KK 0 Karim Kahn Karim Kahn 
Y Led 640 Y Ledingham 20 Y Ledingham 20,480 
S-NH 10,240 
E. Led 320 E. Ledingham| 20 | E. Ledingham 10,240 
S-NH PB24 10,240 PB24 20 PB24 20 
KK 1,280 Karim Kahn 20 Karim Kahn 20 
Y Led 5,120 Y Ledingham 20 Y Ledingham 2) 
W-H7 40 , 960 
E. Led 640 E. Ledingham| 20 E. Ledingham 40,960 
W-H7 PB24 5,120 PB24 20 PB24 10,240 
KK 10,240 Karim Kahn 20 | Karim Kahn 5,120 


Y Led 20,480 Y Ledingham 20 Y Ledingham | 20,480 


W-NH = 40,960 


E. Led 640 E. Ledingham| 20 E. Ledingham | 20,480 
W-NH PB24 640 PB24 20 PB24 20 , 480 
KK 10,240 Karim Kahn 20 Karim Kahn 640 


Y Led 5,120 Y Ledingham 20 Y Ledingham 40,960 


L-H1 40,960 


E. Led 80 E. Ledingham} 20 E. Ledingham | 40,960 
L-H1 PB24 160 PB24 20 | PB24 40, 960 
KK 5,120 Karim Kahn 20 Karim Kahn 5,120 
Y Led 160 Y Ledingham 20 Y Ledingham 40,960 


half, one-quarter and one-eighth titre. Karim Kahn, which 
agglutinated at one-quarter titre, proved to be the most active 
absorber. 
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The L-H1 serum reacted significantly with only one of the 
Flexner antigens. Karim Kahn agglutinated at one-eighth titre, 
and when used to absorb the serum reduced the titre for the 
homologous £. coli to a like level. 

The remaining eight sera reveal a close antigenic relationship 
between the homologous £. coli and the E. Ledingham (Sonne) 
bacillus. There is a less close relationship with the three Flexner 
strains (table 9). Each strain of EZ. coli was hemolytic and each 
produced a serum with titre of 40,960. 

Six of these coli sera agglutinated E. Ledingham to full titre. 
Absorption of these six sera by E. Ledingham completely removed 
the homologous £. coli agglutinins. The A-H6 and L-H2 sera 
agglutinated E. Ledingham to one-half titre. This organism 
completely absorbed the homologous agglutinins from both sera. 

The Flexner organisms were not strongly agglutinated by these 
coli anti-sera. In one instance the titre reached 5,120, in three 
2,560, and in four 1,280. Despite this they exhibited some 
capacity to absorb the homologous coli agglutinins. 

The homologous coli titre of MI-H6 serum was reduced fifty 
per cent after absorption with PB24. Absorption of VC-H3 
serum by Y Ledingham reduced the homologous titre seventy- 
five per cent, even though this strain of S. dysenteriae agglutinated 
very weakly. Similarly, Karim Kahn and Y Ledingham re- 
moved seventy-five per cent of the homologous agglutinins from 
S-H6 serum. The T-H1 homologous titre was similarly reduced 
by PB24. Y Ledingham reduced the titre of G-H2 serum 
seventy-five per cent and PB24 fifty per cent. The A-H6 
homologous titre was reduced seventy-five per cent after ab- 
sorption by each of the three Flexner strains. The titre of the 
L-H2 serum was reduced fifty per cent by absorption with 
Y Ledingham. The titre of one serum, W-H12, was unaltered 
after absorption by the Flexner strains. 


SUMMARY 


The agglutination and absorption studies with patients’ serum 
yielded evidence suggesting an immunological relationship be- 
tween strains of EZ. coli and the type strains of S. dysenteriae. 
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Agglutination titres 


TITRES UNABSORBED 


SERUM 
MI-H6 40.960 
E. Led 40,960 
PB24 2,560 
KK 320 
Y Led 640 


VC-H3 40,960 
E. Led 40,960 
PB24 160 
KK 640 
Y Led 320 


S-H6 40.960 
E. Led 40,960 


PB24 320 
KK 640 
Y Led 640 


T-H1 40 , 960 
E. Led 40,960 


PB24 1,280 
KK 5,120 
Y Led 1,280 


W-H12 40,960 
E. Led 40,960 


PB24 160 
KK 1,280 
Y Led 640 


G-H2 40,960 
E. Led 40,960 
PB24 640 
KK 640 
Y Led 320 


A-H6 40 , 960 
E. Led 20,480 


PB24 1,280 
KK 2,560 
YLed 2,560 


L-H2 40,960 
E. Led 20,480 


PB24 320 
KK 640 
Y Led 640 


TABLE 9 


S. dyse nieriaeé vs E 


SERUM ABSORBED WITH 
S. DYSENTERIAE VS 
8. DYSENTERIAE 


Absorbing 
organism 


E. Ledingham 
PB24 
Karim Kahn 


Y Ledingham 


E. Ledingham 
PB24 

Karim Kahn 
Y Ledingham 


E. Ledingham 
PB24 

Karim Kahn 

Y Ledingham 


| E. Ledingham 
PB24 
Karim Kahn 
Y Ledingham 


E. Ledingham 
| PB24 

Karim Kahn 

Y Ledingham 


| E. Ledingham 
PB24 
Karim Kahn 
Y Ledingham 


E. Ledingham 
| PB24 

Karim Kahn 
Y Ledingham 


| E. Ledingham | 


| PB24 
| Karim Kahn 
Y Ledingham 


| 


Final 

titre 

corre- 
spond- 
ing or- 
ganism 
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ce lt sera 


SERUM ABSORBED WITH 
8S. DYSENTERIAE V8 
HOMOLOGOUS EB. COLI 


Absorbing 
Organism 


E. Ledingham 
PB24 
Karim Kahn 


Y Ledingham 


E. Ledingham 
PB24 
Karim Kahn 


Y Ledingham 


E. Ledingham 
PB24 

Karim Kahn 

Y Ledingham 


E. Ledingham 
PB24 

Karim Kahn 

Y Ledingham 


E. Ledingham 
PB24 

Karim Kahn 

Y Ledingham 


E. Ledingham 
PB24 

Karim Kahn 
Y Ledingham 


E. Ledingham 
PB24 

Karim Kahn 

Y Ledingham 


| E. Ledingham 
PB24 
Karim Kahn 


| Y Ledingham | 


Final 
titre for 
homolo- 

gous 

E. coli 


a” 
20, 480 
40,960 
40. 960 


1) 
410, 960 
410, 960 


10,240 


20 
40. 960 
10.240 
10,240 


”) 
10,240 
10. 960 
40.960 


20 
40 , 960 
40.960 
4( 


, 960 


20 
20, 480 
10, 960 
10,240 


0) 
10,240 
10,240 
10, 240 


20 
40, 960 
40 , 960 
20 , 480 





43 








44 THOMAS T. MACKIE 


Absorption of nine of these sera by the corresponding strain of 
E. coli, in each instance, completely removed agglutinins for the 
latter and for one or more of the S. dysenteriae strains as well. 
Conversely, in the five sera studied, absorption by S. dysenteriae 
removed both the dysentery and the coli agglutinins. Since it 
was impossible to titrate the absorbing doses due to insufficient 
serum, over-absorption may have been a factor in determining 
these results. The frequency with which agglutinins for only 
one of the antigens was affected renders this improbable. 

Additional evidence of antigenic relationship was obtained from 
the studies using monovalent dysentery anti-sera. All thirteen 
strains of E#. coli agglutinated to varying titre in these sera. 
Absorption by the homologous antigen removed both the homolo- 
gous dysentery and the heterologous coli agglutinins. Ab- 
sorption with the individual strains of E. coli removed the 
corresponding coli agglutinins and reduced the homologous titre 
of the sera in varying degree. 

Seven of the strains of EZ. coli, agglutinating in the unabsorbed 
PB24 serum, reduced the homologous titre after absorption by 
fifty per cent or more. This points to an antigenic component 
common to these strains of EZ. coli and the PB24 S. dysenteriae. 
The six strains which were agglutinated by the PB24 serum but 
failed to absorb the homologous agglutinins lack this common 
factor. Their agglutination, therefore, must be regarded as 
non-specific. 

Eight of the coli strains agglutinated in unabsorbed Karim 
Kahn serum, and, when used to absorb the serum, reduced the 
homologous titre by fifty per cent or more. Five strains failed 
to absorb the homologous dysentery agglutinins and must, there- 
fore, be considered antigenically unrelated to the Karim Kahn 
Flexner bacillus. Agglutination of these organisms by this serum 
must be classed as non-specific. 

Nine of the EZ. coli strains, agglutinating in the unabsorbed 
Y Ledingham serum, when used to absorb this serum reduced the 
homologous titre by fifty per cent or more. Four failed to 
absorb the dysentery agglutinins and are therefore unrelated to 
the Y Ledingham Flexner bacillus. Agglutination of these or- 
ganisms in this serum is consequently non-specific. 








mC FS or Cr wo 


— Ww 


\ 


| meal 


\e 


—_— 





SPECIFICITY OF AGGLUTININ REACTION 45 


The results obtained with the E. Ledingham (Sonne) serum 
were striking. Six of the strains of E. coli agglutinated at full 
titre and completely absorbed the dysentery agglutinins. Two 
other strains, agglutinating at lower dilutions, likewise com- 
pletely absorbed the homologous agglutinins. The remaining 
five strains, although agglutinating only in low dilutions, reduced 
the homologous serum titre by fifty per cent or more. These 
observations, therefore, point to agglutinogenic identity of six 
strains of E. coli and the E. Ledingham (Sonne) bacillus. The 
remaining seven strains appear to be closely related. 

Confirmatory data were obtained from the studies of the 
thirteen monovalent anti-coli sera. The strains of EZ. coli fall 
into two groups, one unrelated to, and the second closely related 
to, if not antigenically identical with, the E. Ledingham (Sonne) 
bacillus. 

The first group comprises five sera, none of which agglutinated 
E. Ledingham in high dilutions. Absorption of these sera with 
E. Ledingham in only one instance reduced the homologous coli 
titre by fifty per cent. The Flexner strains gave varying reac- 
tions. PB24 agglutinated to the full titre of the S-NH serum 
and completely removed the homologous coli agglutinins. The 
remaining four coli sera agglutinated the Flexner strains in lower 
dilutions. Absorption with one or more of these strains reduced 
the homologous titre of each serum by fifty per cent or more. 
These observations indicate an antigenic relationship, identical in 
one instance and close in a second, between the Flexner strains of 
S. dysenteriae and the five strains of Z. coli comprising Group 1. 
It is interesting to note that non-specific agglutination of a 
Flexner bacillus may reach one-eighth of the titre of a monovalent 
coli anti-serum. 

The behavior of the S. dysenteriae antigens in the eight mono- 
valent coli sera comprising Group 2 points to agglutinogenic 
identity of the E. Ledingham (Sonne), and six of the strains of 
E. coli, and to a close relationship with two of the others. De- 
spite the low titre agglutinations of the Flexner strains in these 
sera, the agglutinin absorption reactions noted indicate a serologic 
relationship between our Flexner antigens and seven of the strains 
of EZ. coli which may be of significance. 
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Comparison of the agglutination and agglutinin absorption 
activity of the four strains of S. dysenteriae and the thirteen 
strains of EF. coli in the monovalent dysentery antisera and in 
the monovalent coli antisera reveals significant findings (table 10). 
These are not in exact conformity with the data obtained by the 
sera singly. Reciprocal agglutination and reciprocal absorption 
in the dysentery and the coli antisera demonstrate antigenic 
identity between E. Ledingham (Sonne) and five strains of 
E. coli. There is a close relationship with four additional coli 
strains. 


TABLE 10 
Evidence of relationship between E. coli and S. dysenteriae from reciprocal agglu 
tination and reciprocal absorption experiments 


8. DYSEN- 8. DYSEN- 8. DYSEN- &. DYSEN- 


TERIAE, PB 24 TERIAE, KARIM TERIAE, Y LEDING- TERIAE, E. LED- 

E. COLI KAHN HAM INGHAM 

Dysentery Coli anti- |Dysentery Coli anti- Dysentery Coli anti- Dysentery Coli anti 

antiserum serum antiserum serum antiserum serum antiserum serum 
MI-H6 0 ao 0 0 + 0 4. i 
VC-H3 0 0 0 0 0 + + 4. 
S-H6 0 0 + + + + ie 4> 
G-NH3 + + 0 0 + 0 4} 0 
S-NH + + + + + + a 0 
W-NH7 0 oe + + 4} 0 + f- 
W-H7 s + r + + + ae 0 
T-H1 + + + 0 0 0 4 Z- 
A-H6 + + a + + 7 + 4. 
W-H12 0 0 0 0 0 0 + + 
L-H2 + 0 0 0 + + f. ihe 
L-H1 0 0 4+. + 0 0 / 0 
G-H2 + + + 0 + + + + 


No such evidence of identity was found between the Flexner 
strains and the £. coli. Partial agglutination in the sera and 
significant reduction of homologous agglutinin titres after ab- 
sorption was observed. Similar findings in both the coli and the 
dysentery antisera indicate a serologic relationship between six 
strains of #. coli and PB24 Flexner. Six coli strains likewise 
appear to be related to Karim Kahn Flexner, and six to Y 
Ledingham Flexner. 
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Five of the strains of E. coli are related to only one of the 
S. dysenteriae strains. Three of the coli are related to two of the 
strains of S. dysenteriae, four are related to three of the S. dysen- 
teriae strains, and one, A-H6, is related to all. 

DISCUSSION 

Four possible explanations may be advanced to account for 
these immunological cross-relationships between Shigella dysen- 
teriae and Escherichia coli. They may represent a major and 
minor agglutinin phenomenon dependent upon non-specific group 
agglutinins. They may be regarded as an instance of parag- 
glutination. Unrecognized ‘‘R”’’ dissociation of the cultures may 
have occurred with resultant development of common rough 
somatic antigens. A true antigenic relationship may exist. 

Complete removal of both homologous and _ heterologous 
agglutinins by absorption of the monovalent rabbit sera with 
their homologous antigens suggests a simple major and minor 
agglutinin phenomenon. Heterologous absorption, however, 
presents strong evidence of a fundamental agglutinogenic simi- 
larity. Moreover, the use of living antigens to absorb the sera 
insures maximal removal of both major and minor agglutinins. 
The use of formolized antigens for the agglutination reactions 
minimizes non-specific group agglutination. 

The phenomenon of paragglutination is characterized by the 
agglutination of organisms other than the known etiologic agent 
in the serum of an infected individual. The Weil-Felix reaction 
in typhus fever is a classic example. As previously noted, various 
workers have observed that certain strains of Escherichia coli 
recovered from dysentery patients may be agglutinated in mono- 
valent dysentery anti-sera. Two explanations of this phe- 
nomenon have been advanced. It is postulated that close 
association of Escherichia coli and Shigella dysenteriae within the 
patients intestinal tract alters the receptor apparatus of the 
Escherichia coli to resemble that of the Shigella dysenteriae. 
Arkwright (1931), however, considers that paragglutination is due 
to the presence of similar or identical ‘‘R”’ antigens. 

The agglutinogenic cross-relationships which we have ob- 
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served might be classed as instances of paragglutination. This 
seems unlikely, if that phenomenon, in fact, is dependent upon 
alteration of receptor apparatus. The strains of Escherichia coli 
which we have examined were obtained from patients who never 
afforded cultural evidence of infection by S/gella dysenteriae 
despite repeated examination. 

There remains the possibility that similar or identical “R”’ 
antigens may be present in the strains which we have been 
investigating. It is recognized that colony inspection and failure 
to flocculate in 0.85 per cent sodium chloride solution do not 
constitute positive proof of a pure “‘S’”’ phase. The possibility of 
common “R”’ agglutinins has been avoided as carefully as present 
methods permit. None the less, partial ‘““R’’ dissociation may 
have occurred and may account for the cross-relationships 
observed. 

The general uniformity of results obtained by reciprocal 
agglutination and reciprocal absorption in the human sera, in the 
monovalent dysentery anti-sera, and in the monovalent coli 
antisera are strongly suggestive of a fundamental antigenic 
relationship between strains of S. dysenteriae and E. coli. Ag- 
glutination to full titre of a known monovalent anti-serum, and 
complete absorption of the homologous agglutinins of such a 
serum are commonly accepted as proof of antigenic identity of 
an unknown organism and the antigen used to produce the 
serum. Recognition of less close degrees of relationship is based 
upon partial agglutination and less complete absorption of 
homologous agglutinins. Judged by these criteria, subject to the 
potential error of unrecognized partial ‘“‘R” dissociation, a true 
antigenic relationship exists between the four strains of Shigella 
dysenteriae and the thirteen strains of Escherichia coli studied. 

The coli strains do not appear to be identical. Eight strains 
were non-motile. Ten were hemolytic on rabbit blood agar. 
Their respective immunological relationships will be reported 
subsequently. 

We have previously called attention to the necessity for 
caution in the interpretation of the agglutination reaction for 
S. dysenteriae in chronic inflammatory disease of the colon. The 














SPECIFICITY OF AGGLUTININ REACTION 49 


studies here presented give added emphasis. They demonstrate 
that strains of Escherichia coli recovered from such patients may 
give rise to relatively high titre agglutinins for strains of S. 
dysenteriae Sonne and Flexner. This leads inescapably to the 
conclusion that a positive agglutination reaction with these or- 
ganisms does not constitute proof of homologous infection. 
Certain diagnosis of bacillary dysentery, therefore, rests upon, 
and only upon, recovery of S. dysenteriae on culture. 


CONCLUSIONS 


1. A close agglutinogenic relationship exists between certain 
strains of Escherichia coli and Shigella dysenteriae Sonne and 
Flexner. 

2. The relationship between the strains of Escherichia coli and 
Shigella dysenteriae Sonne is closer than that between Escherichia 
coli and Shigella dysenteriae Flexner. 

3. This relationship is such as to produce high titre heterolo- 
gous agglutinins in the experimental animal. 

4. These observations demonstrate that the agglutination 
reaction, unsupported by confirmatory bacteriologic evidence, 
does not constitute valid proof of infection by Shigella dysenteriae 
Sonne and Flexner. 

5. The diagnosis of bacillary dysentery can be substantiated 
only by recovery of the organism. 
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During the past few years some investigators have ascribed to 
lactobacilli a definite rdle in the production of dental caries. A 
few have concluded from their studies that these lactobacilli 
were Lactobacillus acidophilus species, identical with those of 
intestinal origin, for example, Bunting (1937) states: “. . . dental 
caries is a specific bacterial disease and the specific organism in- 
volved is L. acidophilus.” The principal exponents of these views 
include Howe and Hatch (1917), Rodriguez (1922), Bunting 
and Palmerlee (1925), Rosebury, Linton, and Buchbinder (1929), 
Howitt and van Meter (1930), Hadley (1933), Johnston, Williams, 
Anderson, Tisadall and Kaake (1936), Bunting (1937), and 
Jay (1937). 

Other investigators are diametrically opposed to the foregoing 
claims as evidenced by many publications. Morishita (1929), 
Rettger (1932), Weinstein, Anderson and Rettger (1933), and 
Rettger, Levy, Weinstein and Weiss (1935), have concluded 
from their studies that the oral and intestinal strains of lacto- 
bacilli are distinctly separate groups of organisms, and they have 
not been able to demonstrate a striking correlation between the 
occurrence of caries and the presence of L. acidophilus. 

In view of these contradictory opinions and since reported 

1 Based on a portion of the thesis submitted by the senior author to the Grad- 
uate School of the University of Maryland in partial fulfillment of the require- 
ments for the degree of Master of Science. 


? Present address, Department of Bacteriology, State University of Iowa, 
Iowa City. 
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results indicate that cultural, morphological, biochemical and 
serological characteristics afford a poor basis for differentiation 
of these lactobacilli, the present investigation was undertaken 
to determine whether the organisms of either oral or intestinal 
origin differed in their ability to become implanted in the in- 
testinal tract of white rats. 


EXPERIMENTAL 


Methods 


Cultures—type and source. A. Oral or dental strains: Nos. 14, 
18, and 19 were obtained from L. F. Rettger, labelled 8;, Flynn, 
and Rosebury respectively. Nos. 60, 61, 94, and 97 were ob- 
tained from H. R. Curran.* All of these cultures were of the 
smooth (Y) type. B. Intestinal strains: No. 64 was obtained 
from Curran, originally isolated from acidophilus milk, nos. 
15 and 20 from Rettger,* and nos. 1 and 9 from R. P. Meyers. 
All of these were rough (X), filamentous colony types. Nos. 
10 and 12 were received from J. M. Sherman, K from C. W. Eng- 
land, and K4y from N. Kopeloff. These were smooth (Y) 
intestinal types. C. Lactobacillus bulgaricus: Only one culture 
was used. This was obtained from Sherman, originally from 
tettger. 

Preparation of milk culture. The milk culture used for feeding 
was prepared by the inoculation of skimmed milk, sterilized by 
autoclaving. Cultures used for inoculum in the preparation 
of the fermented milk and for daily feeding were forty-eight hours 
old. Plate counts were made of each fermented milk several 
times during the course of this work and with but two exceptions 
these indicated that the viable organisms in each preparation 
were several hundred million per ce. 

Animals and diet. The implantation of the organisms was 
determined by feeding experiments conducted with male and 
female albino rats. Before use in the experiments the rats were 
maintained on a ration of commercial dog pellets which kept them 


* Originally from Enright, his nos. 144 and 42, the Morishita collection no. 13, 
and Kulp, his 8 b, respectively. 
* The Wickerham and Cohen starter strains respectively. 
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in an apparently healthy condition. Two weeks previous to the 
administration of a culture, each rat was placed in a separate cage 
and fed solely upon 10 grams of ground beef daily in addition to 
water. At the end of the two-week period, the intestinal flora, 
as determined by microscopic examination of gram-stained smears 
and plate cultures from fecal specimens, was composed almost 
entirely of gram-negative bacteria. After this period, the rats 
were fed approximately 5 cc. of the lactobacilli preparations daily 
(one strain for each rat), in addition to the ground beef. As 
controls one rat was fed meat only, and another rat 5 cc. of sterile 
skimmed milk daily in addition to meat. The feeding continued 
for three weeks, after which five of seventeen rats were sacrificed 
for bacteriological examination of intestinal contents (table 2). 
The remaining rats were then fed a diet of meat (10 grams), 
sterile skimmed milk (5 cc.), and lactose (1 gram) for two weeks 
during which time fecal examinations were made. 

Collection of feces and intestinal contents. Fecal specimens 
were collected regularly at three-day intervals while feeding 
cultures, and after 3, 6 and 14 days during lactose feeding. Speci- 
mens were collected as nearly as possible under aseptic conditions 
into sterile petri dishes. 

The entire intestinal tract was removed from each rat sacrificed, 
sections selected from the duodenum, ileum, caecum, and colon, 
and the contents ejected into a sterile 9 cc. physiological saline 
dilution blank. 

Bacteriological examination. A portion of each fecal speci- 
men, approximately one-fourth of a gram, was disintegrated into 
a uniform suspension in 9 cc. of sterile physiological saline. The 
collection of intestinal specimens in 9 cc. blanks sufficed for the 
initial dilution. Smears were made from these original suspen- 
sions and gram-stained, and further dilutions of 1: 1,000, 1: 10,000, 
and 1:1,000,000 were prepared for plating. While the dilutions 
were not exactly quantitative (since the original sample was 
approximate) this did not interfere with the results inasmuch as 
determination of the number of bacteria per gram of feces was 
not attempted. Identification of L. acidophilus, and determina- 
tion of its approximate percentage of the total bacterial flora 
were the primary objectives. 
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The plating medium used was that suggested by Rettger et al. 
(1935) composed of tomato juice, peptonized milk, neopeptone, 
and yeast extract. All plates were incubated in an atmosphere 
of 10 per cent carbon dioxide at 37°C. for 3-5 days. Following 
incubation, the plates containing the most suitable number of 
colonies for examination were selected for further study. By 
means of a dissecting microscope the various colony types were 
examined and their description recorded, together with the 
approximate percentage of each type. Gram stains were made 
of each colony type, and tubes of litmus milk were inoculated 
from colonies resembling those of lactobacilli. Litmus milk 
tubes showing reactions characteristic of the lactobacilli were 
held for identification studies. Sometimes it required several 
transfers before a typical reaction occurred. Tubes in which 
curdling and reduction of litmus milk did not occur were dis- 
carded. 

Identification of cultures. It was not our aim to make a de- 
tailed study of the cultural and biochemical characteristics of all 
strains employed. Our primary objective was to determine a few 
characteristics of each strain before implantation and then 
repeat these same tests upon acidophilus-like organisms which 
were isolated from the feces. In this manner we could determine 
whether the recovered organism was the same one which was 
being administered orally. For this purpose the morphology, 
colonial characteristics, ability to ferment maltose, mannitol, 
sucrose and raffinose, and the phenol resistance of each original 
strain, as well as of all isolated strains, were recorded. Lipolytic 
activity, although not determined in this study, has been sug- 
gested for differentiation of closely related strains of lactobacilli, 
and Sabine (1937) indicated that this was valuable in clinical 
work to demonstrate that recovered strains were identical to 
administered strains. 

Fermentation studies were carried out in precisely the same 
manner described by Curran, Rogers, and Whittier (1933) except 
that a proteose-peptone yeast-extract broth was used as a basic 
medium instead of casein-digest broth. In preliminary experi- 
ments this proteose-peptone yeast-extract broth was shown capable 
of supporting good growth of both oral and intestinal strains of 





IMPLANTATION OF L. ACIDOPHILUS IN RAT 55 


lactobacilli. Its use was advantageous, both in simplicity of 
preparation and in uniformity of composition of different batches 
of medium, which may be variable with casein-digest broth. 
Phenol tolerance was determined as described by Kulp (1929) 
and employed by Curran, Rogers and Whittier, except that agar 
shake cultures were substituted for plate cultures. 


Results 


An example of the detailed manner in which all fecal specimens 
were examined is given in table 1, such results being recorded 
for each rat used. Although the examination of the stained 
smears of fecal specimens along with plating and macroscopic 
and microscopic examination of resulting colonies were useful 
in following the change in fecal flora, we were interested primarily 
only in identification of lactobacilli strains. Table 1 also illus- 
trates the detailed plan used in partially identifying lactobacilli 
recovered after implantation, some additional characteristics used 
for this purpose being listed in table 3. This is mentioned, par- 
ticularly, since it is our opinion that the process of identifying 
lactobacilli in some earlier studies of implantation may have been 
done hastily and perhaps inadequately. 

A summary of the percentages of lactobacilli present in each 
specimen examined by the above-mentioned procedure is given 
in table 2. It will be noted that two figures are given for each 
analysis, the first indicating the entire Lactobacillus content of 
the feces irrespective of type, while the second percentage refers 
to the type administered to that particular animal, as determined 
by certain characteristics apparently of value in differentiation 
as summarized in table 3. 

Controls. The rat (no. 2) subsisting on the basic diet (10 
grams of ground beef) had a fecal flora in which gram-negative 
organisms predominated. Lactobacilli could not be isolated by 
cultural methods. Rat 1 which received 5 cc. of sterile skimmed 
milk in addition to ground beef yielded lactobacilli in the feces 
after two weeks, and later, when the animal received lactose, 
these organisms were predominant, almost to the exclusion of 
all other types. 

Oral strains. Rats fed oral strains of lactobacilli and the one 





— . _ . . — 


o[suis ‘yous pod 





jworjdityo 
suIByo ‘a[ZuIs-y404g | Por + OL |pus sepnostd ‘esowjansqng sired ‘ajautg |19900 + 
|  SUTBYO ‘e[FuIs-j104g | por + 
suisyo | snojuewyy sulByo 
06 pus a[Zuts ‘urqy ‘Zuoy | por + 06 | Ajeweimyxe ‘soujunsqng | ‘e[surs-uryq4 ‘Au0'yT | poi + | SI 
x4 qaoys ‘olazuig | por — | 
be suIByo jeondyjo =| 
= ‘su1ed-a]3uis ‘qa0yug | pol + I |puBsvpnoito ‘sovjnsqng siied pus ojFuig |19000 + 
m suIBYyo ‘aj#uIs-js0qg | por + 
é sureyo snoz,UusWBlYy 
: 66 | ‘e]duts-ury4 ‘Buoy | por + 66 | Ajeursryxe ‘eowjansqng |sureyo o[durs-uiy4 ‘Buoy | por + ZI 
~ eum - - = = — _ 2 - — | 2 — 
a peondryya 
m sureyo ‘a[suis-y104g | pol + [| |puBvsenosto ‘soujinsqng sureyo ‘sited-ajZuig |10000 + 
=) sulvyo ‘ajsurs-y10qyg | por + 
= surByo snoqjusUs 
wy : iy 
a 66 | ‘o]#uts-ury4 ‘guoyT poi + 66 | Ajeuer1yxe ‘soujansqng sulsyo ‘ajZuis-Zuo7y | pos + 6 
7. - - — — - - ——— —— _ — 
< qA0ys pus Zuo] ‘ojsurg | por — 
- jeondiye 
oo suIBYyd ‘a[ZuIs-y104g | pol + G |puB sBlnoito ‘voBjuNsqng (o%18[) saved ‘ajZutg [19000 + 
7 , suIByo 
oe ‘sired ‘ajZurs-ya0yg | pos + 
< suIvYyo AUO] puB snozueUl sureyo 
5 66 | 340Ys ‘a[Buis-uryqy ‘ZuoT | por + C6 | -BTy Alea ‘soujInsqng | ‘sired ‘a[duts-Zuo7y | por + 9 
~ a[suis ‘yaoyg | pol — c OF1B] ‘AB[NOIIO BoOBpING | sited put a[Fuig 19000 + 
a suIByd 
og ‘sirud-o[fuis = ‘gr0yg | pol + cI yjoous [wondiy ay e[duis ‘qs0yg | pol — 
3 eoBjinsqng | sulsyo ‘ajZuis-y10qg | por + } 
a sureyo 
< OS | 34048 ‘a[FuIs-ulyy ‘ZuoT | pol 4+ WBIFy | OX | ShOJUSUIB]Y soBjINsqng sired ‘a[Zuis-Zu07] | por + weir | ¢g 
x | . . . . ‘ 
) yuso 
s aad 
s , . 
uoNndiioseq edvyg ‘ume ‘na uoTydL080(] uorydt08e(] edvys ‘uimg | neat 
vw" NO 
© SASINVOUO #aINO'I09 NOIGNGA8O8 TVO"A | “ore 
> 


QIN}IND Yl Jo *99 g +4 jooq suUIBIZ OT JolqT “(UIBI4ZS (KX) [BUIWSERUI) | GINAIND “ET IVY 
ainjzyna snprydopion “7 Butrarases pos 9714 D wosf suamuiveds poIef fo UOT}DUIWUDT—a JDAN}]NI puD IIdod8049IM fo 8})NSA4 JOIIdA JT 


t WIAVL 





di 


RAT 


ACIDOPHILUS IN 


L. 


OF 


IMPLANTATION 


U0 pue yyrul pou u 


Ol 


ob 


OOT 


66 








sated 
pus oa[suts-ulyy AUuO'T 
o[Juls-410qg 

sulvyo y0ys 
puv sired ‘o[duts-y10yg 


o[duis-yi0yg 
suIByo 
‘Buo'| 
sulByo 
‘a[duis-qi0yg 


‘a]duls-u1y4 


yA0ys8 


sired ‘ajZuts-y10yg 
sureyo 


‘o]suts-ury4y ‘Auo'T 


suIByo ‘a[suIs-y4oyg 
surByo 


‘ojsuis-ury4 ‘Zuo’ 


SUIBYD ‘a[ZUIs-z104g 


surBeyo 


‘a]duis-u1g4 ‘Zuo'] 


48 [t1948 jo 


pod 
pod 


pol 


pol 
pod 


pos 


poi 


poi 


pos 


pol 


pol 


pos 


+ 


99 ¢ Aq poovdel Zury 
PelIzSTUIUIPB aiINgiNs HU 


Ol 
Ol 


0 


OS 


— 


66 


66 


} snprydopion *7] 





snoy 
sjansqns 
{qs1oul ‘aBlnodto ‘vovjaNg 





[Bonde puw IBpNoItd 
20ULINsqhs pus vovuping 


o318] 
‘IB[NII19 ‘aoujins 
‘SNHOJUIWUIBIY sIBjINsqng 





[Bonde ‘aepnost9 
o0BJANSqns pus voBjing 


jeondiyya ‘repnos19 
aoBjINsqhs pus vovjing 


snoyUusWB[Yy soBjINsqng 


[sondiyyja 
pus IB[NoI1d ‘aoBjunsqng 
snozJUusUIB[Y 
A[aUlos}xe ‘aOBjANSqng 


Tworydty}a 

‘re[noi19 = ‘aoejansqng 
snoz,usUIB[Y 

Ajauleigxe ‘aovjinsqng 


a[JUI8-PIOUN 

siivd ‘ajsuls-oF10"] 

sirvd ‘ojZuts-uryy ‘Buoy 
ureyo 


}1048 ‘a[Juls-yl0yS 
(Moj 
Ad@A) o[Juis-q10ys 

‘sured ‘a[duls-oF18'] 
suIByo 

}10y8 ‘e[Zuts-uryy ‘AZuo'y] 
surByo 


}10Ys puV a[JuIs-qi0yg 


sired ‘a[Zuts-aF10'] 
suIByo 

‘a[Juls-y10q9 
sureyo 

}10Y8 ‘a]Fuis-uryy ‘Buoy 


q10ys 


sired ‘ajzuig 


sulvyo ‘a[Zuis-y10yg 
sureyo 
‘sured ‘a[Zurs-u1y4 ‘Buoy 


a[Juls-y104g 


(a%1v1) sired ‘ajZuig 

suIByo ‘a[duls-,104g 
sureyo 

|‘sated ‘ajZurs-uryy ‘Buoy 


o[ suits *qaougs 





asOz0B] JO WBID 
G1INZ[ND YIU JO UOIQBIYSTUIWIPB Jo ABP 4ysU'T , 


ay} Ul Juoseid UIBI48 BYy JO snprydoploD “77 Jo BBBQUadIEg 





pos + 


pol + 


19000 + 
pol + 


pod + 


10000 +- 


+ 


pos 
pol 
10000 


pol 


+ + +/+ 


pol 
pol — 


19909 + 
pol + 


pol + 


pod 


ct 


x6 


8I 








TIGH 




















MICHAEL J. PELCZAR, JR., AND LUTHER A. BLACK 


58 


eingzpno yypitu oy} ul pad apStUtwupDd uUIDA?ZS 


7JUGPUOSD [BVUIPSIPFUE JO UOTPBULUTUKS [B 
idoi qyuasoid vi0y | 
*2)2]29Dq0}9D}7 Jo pesodwoo B1IOY [BI2} [B07 JO adByUIIIIg V 






44 Buy 








FOLOMopOVG 1OJ pooyisovg 4} 


} [BZO4 J 


osuquas 





‘(ueiZ 1) o80408] snid 


‘(survid Q[) Joog punoid puv (°00 ¢) F[IUI powWTYS o[11048 07 peZuvyo yorp—oingno YIU Jo uOTWBIASsTUTWIpS Jo ABP 4SUT , 


0/06 
0/08 
0/09 
0/0L 


0/06 
C1/06 
¢/¢9 
08/02 
01/06 


G/¢L 
¢/S6 
| 0/os 

08/08 


0/06 
¢Z/00T 
¢b/00T 
OF/S6 
| $b/S6 


} 


| 


0/08 


0/08 
0/08 


0/06 


08/08 
02/00T 
02/08 
09/001 


0/001 
08/001 
0¢/001 
€2/00T 
08/001 


0/08 


0/0L 
0/06 


0/06 


0/08 


W/V 


08/001 
¢¢e/S6 
| 0¢/00I 

06/001 


0/001 

| 001/00 
001/00 
08/001 
66/001 


40/06 


0/08 
40/001 
0/¢8 
0/ 06 
40/86 
0/08 
40/06 


0/0F 
40/0 


‘W/V 


¢8/6 
Ce /S6 
09/001 
06/001 


0/001 


001/001 
001/001 


08/001 
66/001 


0/06 


0/06 
0/001 
0/06 
0/06 
0/86 
0/06 
0/&8 


0/0F 


0/0 


WV 


06/001 
Ct/S6 

¢¢/001 
02/001 


0/001 
001/001 
001/001 

08/001 
06/001 


0/¢8 


0/06 
0/001 
0/06 
0/06 
0/86 
0/06 
0/S6 


0/0F 
0/0 


W/V 








08/06 
cE /S6 
0F/00T 
OF/00I 


0/001 
06/001 
001/00 
08/001 
66/001 


0/0 
0/0 


W/V 


02/06 
¢¢e/S6 
ce/S6 
08/06 


0/001 
06/001 
86/001 
09/001 
66/001 


0/88 


0/08 
0/06 
0/06 
0/06 
0/06 
0/06 
0/06 


0/0 
0/0 


W/V 


(078d 1UFv OFVUIOZ WIOIJ POUTULIJEP S¥ I]]IOVqOZO"'] 4UVO Jog) 


<4 


olf 


sl 


st 


141d NO 8Ava 


SIANJINI Yu Ut 


ra 


08/09 
ch /S6 
OF/06 
02/02 


/S6 
¢6/001 
¢6/001 
62/6 
¢6/001 


0/08 


0/06 
0/06 
0/02 
0/0% 
0/0F 
0/08 
0/8 


0/0 
0/0 


W/V 


08/09 
08/06 

0/08 
02/0L 


0/86 
08/06 
G2/SL 
01/09 | 
08/86 


0/01 


0/08 
0/0 | 
0/0 
0/0 
0/0 
0/0 
0/00T | 


0/0 
0/0 


“ON ivu 





Il AVM 
LI x 
a! él 
9 ol 
:(qyoouls) 
SUIVIZS [BUI}SOzU] 


A ¥9 
ST 0% 
8I ST 
61 6 


I 
:(qZno1) 
SUIVIZS [BUIZSO4ZUT 


¢ ad. 
:SNowesing “Ty 


DAOOOMWNr + 
-_ 
oo 
= 


:SUIBI4S [BUA 
I YLT s[t494g 
Zz 8]013U09 


sald 
4344 GNOOUD ‘laid 


Ayyo4o pasa}siurwupp stusiuvbio fo pastsdwoo )0j0} 94) fo abvjuaosad ay} puv 8704 Ourgzv fo sa2af ay) ut tppL2vQo)2v7 fo 260} u2049g 
@ ATAVL 








SOTA Geet srered if} UNO TMIitin CUuLUre 


mntents 


ene 


stinal ec« 





ECPCCMVARSE CF) LOLA 


“a 





+ Sacrificed for bacteriological examination of inte 





IMPLANTATION OF L, ACIDOPHILUS IN RAT 59 


rat receiving a culture of L. bulgaricus exhibited the same char- 
acteristic trend with respect to intestinal transformation. In 
each case, without exception, lactobacilli predominated after 
the first few days of feeding. However, the lactobacilli which 
were isolated from these rats differed slightly in their colonial 
characteristics from the strains which were being fed. In addi- 
tions, the same organism appeared in the feces of the rat receiving 
L. bulgaricus and a control rat receiving sterile skimmed milk. 
This made it evident that the recovered organisms were not the 
oral strains being fed to the rats, but instead, some other lacto- 
bacilli, apparently a rat strain initially present in the intestinal 
tract and stimulated by milk in the diet. As will be shown later, 
by comparing the cultural and physiological characteristics of 
the organisms fed and isolated, we were able to conclude that the 
oral strains were not present in the feces. Similarly L. bulgaricus, 
was never recovered from the feces of the rat receiving this cul- 
ture. At the end of three weeks, when lactobacilli culture 
feeding ceased, and the diet of five rats of this group consisted 
of ground beef, sterile skimmed milk, and one gram of lactose, 
there was practically no change in the intestinal flora of those 
rats which had previously received lactobacilli cultures. The 
control rat (no. 1) which had been fed meat and sterile skimmed 
milk, and now received lactose in addition, yielded a marked 
increase of lactobacilli. 

The remaining five rats of this group, the one fed ground beef, 
the one fed L. bulgaricus, and three which had received oral 
strains of lactobacilli were sacrificed. Upon examination of 
specimens from the duodenum, ileum, caecum and colon of 
each animal, organisms of the original strains could not be isolated 
although lactobacilli, apparently rat strains and identical with 
those found in previous examinations of the feces were recovered. 
With the exception of duodenal specimens where organisms were 
relatively scarce and in one case absent, bacteriological examina- 
tions of sections of the intestinal tract of sacrificed animals 
yielded the same results as those reported from examinations of 
the feces of live animals. 

Intestinal strains. With one exception (culture 64) the rough 
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intestinal organisms were recovered from the corresponding rats 
to which they were fed. Apart from the one exception, the 
rough strains appeared in feces in great numbers after the first 
few days of feeding almost to the exclusion of all other bacteria. 
The smooth strains did not show such predominance, although 
in most cases after two weeks of feeding they constituted the 
majority of the bacteria present. Lactobacilli of the type isolated 
from rats receiving oral strains were also isolated. As can be 
seen from table 2, the intestinal flora of each rat in the group 
receiving intestinal strains of L. acidophilus was comprised almost 
entirely of lactobacilli, including both the administered intestinal 
strain and the rat strain apparently initially present in the in- 
testinal tract. When L. acidophilus culture feeding was replaced 
by lactose and sterile skimmed milk there was a gradual dis- 
appearance of the strain which had been administered, with a 
gradual increase of the rat intestinal type. After two weeks 
without culture feeding the smooth intestinal strains which 
had been fed were no longer present in the feces, while the rough 
strains, with the exception mentioned previously (culture 64), 
were present to a very small extent. In each instance after 
cessation of culture feeding the rat intestinal type of lactobacilli 
eventually predominated over the strains fed. 

Cultural characteristics. The morphology of all organisms 
varied considerably, which is characteristic of the Lactobacillus 
genus. Some of the rods were extremely short having the ap- 
pearance of ovoid cells while others were slender and long, appear- 
ing single, in pairs and in chains. The rat strains of lactobacilli 
isolated were nearly always short to medium sized rods. Colonies 
of smooth intestinal and smooth oral types could not be differ- 
entiated. The rat strains also produced colonies which were 
smooth, but more dense, white, smaller, and always had an entire 
edge, while colonies of the rough intestinal strains were extremely 
filamentous. All strains reduced and curdled litmus milk after 
24 or 48 hours. All strains of the oral and intestinal groups fer- 
mented maltose, sucrose (with one exception) and mannitol 
(with two exceptions). These exceptions occurred among the 
oral strains. The reaction on raffinose was variable. Those 
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TABLE 3 
Certain cultural and biochemical characteristics of strains of Lactobacilli fed and 


strains isolated from the feces of albino rats 


ORIGINAL CULTURES FED | CULTURES ISOLATED 


Fermentation of Fermentation of 
rat | Col- - | @ | Phenol! Col- = | @ | Phenol 
CULTURE NUMBER NUM- ony :izis 5 toler- ony | 3 g toler- 
BER | type eis els ance type; © Ss Sis ance 
z\e\s/\8 Za\ziaa 
Controls 2 | (Basic diet) :; | (No lactobacilli _iso- 
| | | | | lated) 
1 | (Basic diet plus; § +| —| +! —| 1:400 
skimmed milk) 
L. bulgaricus Poe 
B 5 R +} —| —| —| 1:300| § +! +) + 1:200 
Oral strains | | 
(L. acidophilus): 
14 8 | S | +] +) +| +) 1:500} S | +) —| +] —! 1:300 
18 i) 5 + +| + +} 1:600 S | + -—| +| —| 1:400 
19 10 | S | +) +] +) +) 1:400) 8 | + + 1:400 
60 6/} S | +] +] +] -| 1:00) 8 | +/ -| 4 1:200 
61 | 3] S | +] +) +) +) 1:500) s | + +| —| 1:200 
94 718 i- + =] — 1:600) S | +] —| +) —| 1:500 
97 | 4; 5 +) +) —| —| 1:400; S | +] —] +/ +/ 1:300 
Intestinal strains > ef 4 | | | 
(L. acidophilus): mm | 
1 13 R | +) +/ +] + a R* | +) +] + +) 1:200 
| | 1s | + —| +| +) 1:500 
9 19 | R | +| +| +/ -| 1:400] R*| +] +] +] -/ 1:300 
| Pe oe 2a 1s | +) —| +1 -] 1:600 
15 I8 | R | +) +) +) +) 1:300) R* | +) +) +] +/ 1:300 
|S | -| —| +} +] 1:400 
20 15 | R | +) +) +) +) 1:200) R* | +) +) +! +/ 1:200 
ss 18 | 4] —] +] —/] 1:0 
64 12 | R | +] +) +| —| 1:4001; 8S | +] -| +] -! 1:400 
10 16 | S | +) +] +) —| 1:200) S* | +) +] +! —! 1:200 
S | +] —| +] +] 1:300 
12 14} S | +] +) +] +] 1:300) s* | +! +) +) +] 1:200 
a> S | + -—| +] —! 1:500 
K 17 | 8 +) +) +) +) 1:200) S* | +) +) +! +] 1:200 
> fa 8 +] —| +| —] 1:200 
K4y 11 8 +) +] +] +] 1:200) S* | +) +) + 1:200 
8S +| —| + 1:400 


* Has the same characteristics as the culture originally fed, indicating implan- 
tation of the original strain. 
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strains isolated which were of rat origin fermented sucrose and 
mannitol with only one exception while the reaction on maltose 
and raffinose was variable. Intestinal strains were much more 
tolerant to phenol than the oral strains, being able to initiate 
growth in concentrations of 1:400 or greater. Strains of rat 
origin, although not as resistant to phenol as the stock intestinal 
strains, were slightly more tolerant than the oral strains used. 

These cultural characteristics are presented in detail in table 
3, wherein the characteristics of the strain administered orally 
is compared to those of acidophilus-like organisms found in the 
feces of the same rat. In this way it could be ascertained whether 
the organism isolated from the feces of a particular rat was the 
same one which had been fed to that rat. 

As already shown, fermentation reactions alone were inade- 
quate for classification of the strains but they were of real value, 
along with cultural and other characters, in determining the 
characteristics of a known strain before implantation. By 
repetition of these tests upon organisms isolated after culture 
feeding we could determine with considerable certainty whether 
or not the recovered organisms were identical with those ad- 
ministered. Colonies of the rat strains (always smooth) did 
differ in size, color and contour from the smooth human types 
and we believe the constancy of these characteristics and the 
appearance of the organisms in control rats, along with the 
fermentation reactions described above, warrant designation of 
these lactobacilli as rat strains. 


DISCUSSION 


The implantation of L. acidophilus in the intestinal tract of 
man and rats has been repeatedly demonstrated. Since results 
of the present investigation show that none of the oral strains 
used were implantable it seems that some differences must exist 
between the lactobacilli of oral and intestinal origin. This is 
in accord with the results of Rettger and associates, Curran, 
Rogers and Whittier, and Ulicny, who have reported differences 
between these two groups with respect to cultural characteristics, 
type of lactic acid produced, and the quantitative utilization 
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of lactose, respectively, but different from the conclusions of 
those who maintain that both groups are comprised of the same 
organisms. Considering the many similarities which exist be- 
tween the oral and intestinal lactobacilli and the fact that many 
of the differences are quantitative in nature, we would be inclined 
to class the oral strains as atypical species and not the true 
central type, L. acidophilus. While no studies were made of 
these organisms from the standpoint of the etiology of dental 
caries, we are inclined to be of the same opinion as Rettger, Levy, 
Weinstein, and Weiss who maintain that there is still a lack 
of sufficient evidence to show that the intestinal types are of 
significance in dental caries. 

The failure to implant one of the intestinal strains (64) is 
significant but not necessarily surprising. Except for the in- 
ability of this organism to become established in the intestinal 
tract of rats, its characteristics conformed to those of other 
strains of L. acidophilus which were implanted. This is sig- 
nificant in view of the similarity between the two species, L. 
acidophilus and L. bulgaricus, the latter considered not implant- 
able. Although some have separated these species on the basis 
of maltose fermentation, the recent work of Curran and associates 
hardly substantiates such a separation. Recently Kopeloff and 
Kopeloff (1937) reported that R forms of both L. acidophilus 
and L. bulgaricus produce inactive lactic acid, while the smooth 
types of both produce dextro-rotary acid. Admitting the in- 
timate relationship between these organisms, it is questionable 
whether our culture no. 64 should be considered an atypical 
strain of L. acidophilus or whether it belongs to the L. bulgaricus 
species. Perhaps organisms described as L. bulgaricus may be 
in reality unimplantable L. acidophilus. We are of the opinion 
that culture no. 64 is an atypical strain of L. acidophilus inasmuch 
as with other bacteria it is not unusual to find one species of a 
group deviate so from the central or typical type. 

The appearance in the feces of lactobacilli of a type other than 
those fed was to be expected since they may be normal inhabitants 
of the intestinal tract, their predominance depending upon the 
composition of the diet. Porter, Weinstein, and Rettger (1938) 
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in an investigation to ascertain the bacterial flora of the stomach, 
segments of the small intestine and cecum of white rats, found 
lactobacilli present in large numbers throughout. Eppright, 
Valley and Smith (1937) have shown that salts of calcium and 
phosphorus, in addition to carbohydrates, were essential for 
the maintenance of an aciduric flora. Since milk contains all 
of these we would expect it to favor the development of those 
aciduric organisms already present as well as those which were 
being fed, providing the organisms were implantable, and this 
appeared to occur in our experiments. However, acidophilus 
milk was much more effective than sterile skimmed milk in in- 
creasing the number of those aciduric organisms originally present 
in the intestinal tract. 

Whether the aciduric organisms isolated from rats should be 
classified as Lactobacillus acidophilus or Lactobacillus bifidus is 
another debatable question. Rettger and others have reported 
isolation and identification of both L. acidophilus and L. bifidus 
from rat feces. Other than differences in carbohydrate reactions 
which are of questionable value for separating members of this 
genus, the organisms isolated in our study were very much like 
the smooth (Y) type of L. acidophilus and hence we have desig- 
nated them as such. Possibly some could have been placed in 
the so called L. bifidus groups, except that results already pub- 
lished may not warrant the establishment of two distinct species 
for organisms so closely related. Weiss and Rettger (1934) 
(1938) have emphasized the similarity of these organisms and 
suggest that L. bifidus from breast-fed infants and rats be con- 
sidered a variant of the species L. acidophilus. 

Another point of interest is the possible significance of aciduric 
organisms normally present in the intestinal tract. Since these 
species may be made to predominate by regulation of the diet 
it would seem that when they are present it might be superfluous 
to administer other foreign aciduric bacteria. However, in 
these studies the administration of L. acidophilus milk possessed 
a distinct advantage over sterile milk in stimulating the normal 
acidurie flora. 

Finally, this investigation emphasizes the need for a method of 
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examining commercial acidophilus preparations beyond mere 
identification of organisms. Our results indicate that there may 
exist rough (X) types of L. acidophilus which are not implantable 
in white rats, although they are typical in all other respects. 
This is in agreement with other investigations which have in- 
dicated that some strains of L. acidophilus vary in their ability 
to become acclimated to the intestinal tract. Hence, it seems 
that the important features of an analytical procedure for acid- 
ophilus preparations should be to establish the identity of the 
organisms and to determine their implantation. 


SUMMARY AND CONCLUSIONS 


Of the seven oral or dental strains of lactobacilli employed, 
none were implantable in the intestinal tract of white rats by 
the procedure used. On the other hand, four of five rough 
intestinal strains and all of the five smooth intestinal strains 
were implantable. 

Rough intestinal Lactobacillus acidophilus organisms (with the 
exception of one strain) were more readily implanted and per- 
sisted for a longer time following the cessation of feeding the 
organisms than did smooth strains. The one culture of Lacto- 
bacillus bulgaricus used was not implantable which is in accord 
with previous studies. 

With the exception of the duodenal contents, which contained 
relatively few organisms, other specimens from sections of the 
intestinal tract of the animals sacrificed gave results upon micro- 
scopic examination and cultivation similar to those obtained with 
fecal samples. 

Fermentation of sucrose, maltose and raffinose by intestinal 
strains, sucrose and maltose by dental strains and sucrose and 
mannitol by rat strains occurred with few exceptions. The 
remaining fermentation reactions were irregular and, thus, fer- 
mentation reactions alone could not be used for separation of 
strains into groups, although in individual instances fermentation 
results aided in identification of a given strain. The intestinal 
strains exhibited a slightly higher tolerance to phenol than did 
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the dental strains, and this was the only biochemical characteristic 
used which correlated with the results on implantation. 

Lactobacilli, apparently rat strains of Lactobacillus acidophilus, 
were isolated from each rat receiving lactobacilli milk cultures as 
well as from a control rat receiving sterile skimmed milk. This 
emphasizes the necessity of controlling implantation experiments 
adequately to insure that the strain isolated is actually the 
strain administered, especially when smooth strains of lacto- 
bacilli are employed. 

The results emphasize the errors that are likely to occur in 
identifying aciduric organisms from the oral cavity as Lacto- 
bacillus acidophilus. Biochemical differences between intestinal 
and oral strains have been shown to exist by other investigations, 
while this work points out the inability of the oral strains studied 
to become implanted in the intestinal tract of rats. Such evi- 
dence may not justify designation of oral strains of aciduric 
organisms as Lactobacillus acidophilus since implantation is a 
generally accepted characteristic of this species. 

The results also indicate the need for improved methods of 
examining Lactobacillus acidophilus preparations to include not 
only identification of the organisms but in addition whether or 
not they can be implanted. 
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Early investigators depended for the diagnosis of hemorrhagic 
septicemia entirely upon the lesions and the bipolar staining and 
pathogenicity of the organisms encountered as etiologic agents. 
It is evident, therefore, that in early references, organisms of 
widely divergent characteristics have been included in the 
Pasteurellae group. 

The first report of an organism of this group was by Rivolta 
in 1877 following his study of fowl cholera. This investigation 
was followed by several others, establishing a host of organisms 
as the causative agents of the various hemorrhagic septicemia 
diseases. Hueppe, in 1886 was the first to observe the close 
relationship of the various organisms of the group when he used 
the name Bacterium septicaemia-hemorrhagica for the etiologic 
agents of fowl cholera, cattle, rabbit, and swine septicemia. 
Kitt, however, in 1885 used the term Bacterium bipolare-multo- 
cidum to embrace the organisms causing the disease in cattle, 
swine, deer, horses, sheep, and goats. These two authors were 
the first exponents of the unicist school. The work of Ligniéres, 
however, is probably the basis of the zoologic species classification 
of the Pasteurellae, even though he recognized the close cultural 
and biochemic similarities of the various group constituents. 
Ligniéres’ classification was based almost entirely on the isolation 
history of the various organisms. This classification has pre- 
vailed up to the present, although experimental evidence has 
pointed to its inadequacy as a method of subdividing the genus. 

Baumgarten (1911) was one of the first investigators to doubt 
the value of the zoologic classification, basing his objection on the 

69 








: 
' 


70 CARLOS T. ROSENBUSCH AND I, A. MERCHANT 


experimental cross-pathogenicity of the various groups or species. 
Similar conclusions regarding experimental and field cross-patho- 
genicity, as well as cross-immunity, have been reported by the 
following investigators: Mohler and Eichhorn (1913), Hutyra 
(1925), Migge (1933), and Manninger (1934). 

Further evidence against the zoologic classification was pro- 
vided by studies of the cultural, biochemic, and serologic char- 
acteristics of the various components of the group. A general 
tendency to doubt the value of Ligniéres’ classification has 
resulted, since there is a decided similarity between the various 
strains and none of the strain differences correspond to the 
zoologic species subdivision. 

On the basis of cultural, biochemic and serologic characteristics, 
the Pasteurellae have been divided into a typical group and an 
atypical group by several investigators. Organisms belonging 
to the latter group isolated from cattle and sheep have been 
studied by Jones (1921), Spray (1923), Jorgensen (1925), Edding- 
ton (1930), Newsom and Cross (1932), and others. Newsom 
and Cross, in 1932, studied this group in detail and reported it 
as identical to Jones’ Group I, because the two groups are similar 
in pathogenicity, hemolysis, absence of indol formation, and 
fermentation of lactose, maltose, inositol, dextrin, and raffinose. 
These last investigators placed the atypical strains in a separate 
species which they called Pasteurella hemolytica. 

The typical group has been studied by investigators in various 
countries and subdivided into several subgroups or types, which, 
unfortunately, have not been correlated sufficiently for their 
classification status to be established. Some of the investigators 
responsible for the subdivision of this group, which contains 
most of the hemorrhagic septicemia Pasteurellae are: Koske 
(1927), Roderick (1922), and Zaisen (1934), all of whom resorted 
to complement-fixation differences, and Cornelius (1929), Ochi 
(1934), Yusef (1935), and Khalifa (1936) on the basis of ag- 
glutination, agglutinin-absorption, and _precipitin-absorption 
reactions. Khalifa, in 1934, was the first investigator to corre- 
late the serologic results with the fermentation of xylose, arabi- 
nose and mannitol. 
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Culture variations have been observed in the Pasteurellae by 
many investigators; however, few of the results have been cor- 
related. The earliest report was by Manninger (1919) who 
described an avirulent, uncapsulated, highly immunogenic cul- 
ture-variant of avian origin. 

Other supposedly rough variants were described by De Kruif 
(1922) as virulent “D’’, and avirulent, rough “G” types. Web- 
ster and Burn (1926), added to these an “‘I’’ or intermediate type 
and a more stable “MM” or mucoid type. Anderson, Coombes, 
and Mallick, in 1929, initiated the use of “‘S’”’ and “‘R”’ to replace 
the “D” and “G”’ types of De Kruif. Brigham and Rettger 
(1935) used the same terminology and, in addition, recognized 
the occurrence of “‘I’’ or intermediate forms. 

Other reports describing cultural variations dealt with fluores- 
cence. Webster and Hughes (1929) described three types on 
the basis of fluorescence, pathogenicity, and agglutinability. The 
fluorescent form was highly pathogenic and of poor agglutin- 
ability, whereas the non-fluorescent form was of lower patho- 
genicity. The third type was an intermediate. Morch and 
Krogh-Lund (1931) and Ochi (1933) reported types that seem 
to be similar to the three types described above. Cornelius, in 
1931, also found a similar change, but he used the terms, “I” 
form, for the less stable, fluorescent and poorly agglutinable type, 
and “A”’ form for the stable non-fluorescent and highly ag- 
glutinable type. This author stated that he could obtain “A”’ 
forms from his “I”’ forms, by subjecting the cultures to unfavor- 
able environmental conditions, but he could not do the opposite, 
for they reverted very rapidly to the original “‘A’’ form. 


EXPERIMENTAL MATERIALS AND PROCEDURE 


One hundred and fourteen strains were studied, but due to 
the lack of space! results for only 44 representative strains are 
presented in tables 1 and 3. ‘The isolation history of many of 
the strains, other than the species from which they originated, 

° 
1 For additional complete data refer to C. Rosenbusch’s Master’s Thesis on 


the ‘‘Biologic and Serologic Relationships of the Hemorrhagic Septicemia Pas- 
teurellae’’ deposited at the Library of the Iowa State College, Ames. Iowa. 
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was not available. The origin of the 114 strains studied was as 
follows: 38 avian, 22 bovine, 18 ovine, 15 porcine, 7 buffalo, 
7 equine, 4 rabbit, and one each of deer, cat, and mink. Of the 
44 cultures discussed in this paper' the source and original 
numbers are as follows: 


1. Strains: 153 (1336-Jones), 159 (Woodbury), 161 (Mountain | 
sheep), 164 (52B), 165 (4277-Jones), 168 (54), 169 (33), 175 
(18A), 178 (Hereford), from Dr. I. E. Newsom, Ft. Collins, 
Colorado. 
. Strains: 104 (8-65), 106 (8-75), 109 (8-58), 116 (8-71), 120 | 
(8-66), 122R (8-54), 130 (8-76), 134 (8-64), 138 (8-70) from 
the Jensen-Salsbery Laboratories, Kansas City, Missouri. | 
3. Strains: 70 (170), 84, 95, 217M (117), 257, 335, 642 from the 
Pittman-Moore Laboratories, Indianapolis, Indiana. 
4. Strains: 150, 226, 412, 1525, 4300 from the Fort Dodge Serum } 
Co. Laboratories, Fort Dodge, Iowa. 
5. Strains: 232, 234R, 236, 242R, 243 from the Norden Labora- 
tories, Lincoln, Nebraska. 
6. Strains: 33R (N33), 590M (2590), 779 (H779) from the United 
States Bureau of Animal Industry Laboratories, Washington, 
D.C. 
. Strains: 31, 57, 1932 from the Lederle Laboratories, Pearl 
River, New York. 
8. Strain: 886 from Dr. H. D. Marsh, Bozeman, Montana. 
9. Strains: 35M, R, T, 70R from miscellaneous sources. 


to 


~ 


Morphologic and cultural technic 


Preparations stained by dilute carbol-fuchsin and Giemsa 
stains were examined to detect capsules. A basic medium con- 
taining 0.5 per cent proteose-peptone (Difco) and 0.5 per cent 
sodium chloride, 0.02 per cent di-potassium-phosphate, and 0.01 
per cent magnesium sulphate at a pH of 7.2-7.4, or a buffered 
pepsin-digested beef-infusion medium was used for cultural pur- 
poses. A medium containing beef-extract broth, 1.2 per cent 
agar and 20 per cent serum was used for stock cultures, colony 
studies, and dye bacteriostasis. ‘ 

: Growth characteristics in broth were observed at daily intervals 
: for the detection of variants. Motility was studied after 24 
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hours of growth in the same broth cultures. Hemolysis was 
determined on dilute horse-blood agar plates and recorded after 
18 to 36 hours. Bile solubility tests were made by the addition 
of 0.5 to 1 cc. of heat-sterilized sheep bile to 24-hour cultures. 

Dye bacteriostasis tests were carried out in a series of dilutions 
between 1:10,000 and 1:100,000 of crystal violet, basic fuchsin, 
thionine, pyronine B, malachite green, and brilliant green. 
Several cultures were inoculated on the same plate and care was 
taken to prevent the use of too great bacterial inocula which 
would otherwise allow growth by superposition of organisms. 
teadings were taken at daily intervals for five days. 


Biochemic and pathogenesis technic 


A total of 15 carbohydrates, 6 alcohols, and 1 glucoside were 
used to study the saccharolytic properties of the organisms. The 
fermentation tests were made in a medium composed of one-per- 
cent of the sugar in basic broth with one-per-cent of Andrade’s 
indicator. The media were filter-sterilized through a W Berke- 
feld candle. Readings were taken daily for 10 days and then 
at 10-day intervals until the thirtieth day. The fermentation 
tests were first made using a serum broth which had been heat- 
sterilized. It gave irregular results, due to heat sterilization or 
to the action of the serum enzymes, especially on maltose and 
xylose. 

Indol formation was tested on the basic broth medium after 
4 or 5 days incubation. A slight modification of Kovacs’ test 
(1928) was used to detect the formation of indol. It consisted 
of the addition of 1 ec. of ether to each tube, which concentrated 
the indol at the surface of the medium and allowed a rapid and 
definite purple indol-ring to form. Nitrate reduction tests were 
made on 5 day-old cultures in basic broth to which 0.2 per cent 
sodium nitrate had been added. Hydrogen sulphide and Voges- 
Proskauer tests were made with Kligler’s lead acetate and 2 per 
cent glucose broth respectively, the latter tested by the addition 
of 50 per cent caustic potash and read after 24 hours. 

Mouse pathogenesis was determined by the intraperitoneal in- 
jection of each organism into three mice. The first two in- 
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jections of 0.5 cc. each were made with 18- to 24-hour broth 
cultures, while the third test was done with 1 cc. of a dilute sus- 
pension of a young serum-agar culture. A series of mouse 
passages was also carried out with some of the strains to deter- 
mine the effect of successive animal passages. The dead animals 
were autopsied and cultures made from the heart to diagnose 
the cause of death. 


Agglutination technic 


Twelve rabbits were injected, 25 times each during a period of 
90 days, with 12 different broth antigens. The first 15 injections 
were made intravenously and intraperitoneally with heat-killed 
cultures, producing homologous titres lower than 1:1,600. In 
the remaining 10 inoculations live cultures were injected sub- 
cutaneously, intraperitoneally, and some intravenously. The 
final homologous titre of most sera was 1:32,000. There were, 
however, two strains of very poor antigenic ability which did 
not cause the production of such a high titre. 

The agglutination tests were made with agar-growth antigens 
suspended in physiologic saline in two series of increasing serum 
dilutions. ‘The first series consisted of dilutions ranging between 
1:25 to 1:3,200 while the second series ranged from 1:250 to 
1:32,000. The tests, with their controls, were then placed at a 
temperature of 40-43°C. and the readings taken after 72 and 96 
hours of incubation. 


EXPERIMENTAL RESULTS 
Morphology and cultural characteristics (see table 1) 


The organism proved to be so pleomorphic that it could not be 
typed on the basis of morphology, nor, at times, distinguished 
by this means from contaminating forms. Pleomorphicity was 
most noted in broth and carbohydrate media while uniformity in 
shape was increased by repeated transfers on solid-medium or 
animal passage. Carbohydrate media, especially when fer- 
mented, were responsible for the greatest pleomorphicity of the 
organism; there were, in some cases, organisms 3 to 4 times their 
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normal size as well as long chain formations. Capsule or pseudo- 
capsule formation was observed on some of the larger cells. 

In serum-agar plates fluorescent, non-fluorescent, and inter- 
mediate colonies were distinguished. A differentiation in species 
could not be made on the basis of colony characteristics. The 
occurrence of fluorescence was not constant but fluctuating and 
was partially associated with continuous serum-agar transfers or 
with a series of mouse passages. The changes of colonies toward 
the fluorescent mucoid type occurred spontaneously in single 
colonies, but were usually short-lived. In general it was found 
that the intermediate fluorescent forms were the least stable, while 
the non-fluorescent forms were the most stable. Recently iso- 
lated strains showed the fluorescent characteristic in the majority 
of cases. 

In broth, most of the organisms grew diffusely, but there were 
some strains that showed an early precipitation into granular or 
flocecose particles, leaving the supernatant fluid clear or almost 
so. This latter characteristic was later correlated with the 
avirulence of the culture. A partial sedimentation of a mucoid- 
stringy nature was noted in a number of the strains. None of 
the strains were motile. 

Two main divisions could be made on the basis of hemolysis. 
The hemolytic forms corresponded to Newsom and Cross’ 
Pasteurella hemolytica, and the remaining strains corresponded 
to the typical Pasteurella group of the same authors. 

Bile-solubility tests proved negative for all strains. No satis- 
factory species or group differentiation could be obtained from 
the study of dye bacteriostasis with six different dyes. There 
was, in general, however, a tendency of the avian strains to grow 
in higher concentrations of crystal violet. ‘The growth-limits of 
the avian strains ranged between the dilutions of 1:15,000 to 
1:25,000 whereas the other strains’ growth-limits ranged between 
1:33,000 to 1:50,000. 

The pH range of the organisms in proteose-peptone broth as 
tested with brom-thymol blue, chlorphenol red, and phenol red 
was between 6 and higher than 8.5 with an optimal pH between 
7.2 and 7.4. 
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Group I 
104 Avian +)+/4/—) |+/-|-|-|+/-|-|-|4/ +/ -| - IN ID IR 
106 | Avian +\+/-—|- + —|—|+i—|—-|—-|+| +] —i+++/F iM |R 
335 | Avian — + —'+ P| ||| |||} &] —|++4+/F ID II 
1525 | Avian |—|+/+/+/- + + —\+\—|-|-|+, +| -|\+4++4+/F ID IR 
T | Avian |-—'+ +4 —|+ —|+} +| -—|\+++/F |D IR 
57 Bovine +++ -\4+ 4+ —\+ —-|—'-|'+| +| -—|'+4++IF ID IR 
226 | Bovine —'++ 4 +} — + +) + ++ iF |D |I 
31 | Ovine +)/+)\+/—/+ -|-|+|—|- +) +] -|+++/F |D |R 
642 | Ovine +/+/+ +\+ —|~—|+/-|-|-| +] +] —| ++ IN [D II 
150 | Porcine — +/+ —|— +/+/—|—|—+/-|-|-|4) +! -|444/F |p IR 
236 | Porcine +++ +|-/|- + it] +] —]| ++ IN IM II 
257 | Equine — +/+/— T|—|—|£\t\—-|-|—-|+) +] -—| + IN ID II 

Group II 
120 | Equine |+)— — —|— +/—|—|—|—|4+/-—|—|-—|+| +) -|444IN IM [I 
243 | Equine +)/— —'+ +\—|-|-|+/-|-|-|+ + —| + IN IDI 
84 | Bovine |+'— —|-—'- +\-—|—|-—|+/-—|-—|-|+ +/ -—| ++ IN ID IR 
109 | Bovine |+\/— —'|— - —|-|~-|-|+i-|-|—-|+) +] —| ++ IN IMIR 
153 | Bovine |+/——|+.-|  +/-—|-|-|+4/-'-/4/ +/ -| +4 Ir ID IR 
1932 | Bovine |+|—|—|—|—|+/+/—|—|—|+|-—|-|-|4+ +! -—|444I/F |p iI 
116 | Buffalo +/-—|—|-— — ||| -|+/-|-|—| +) +) -—| ++ IN IM II 
779 | Buffalo |+|— —|+ —+ + -—|=|-|+/-—|-|-|+/ +) -44+4IN IM ]] 
4300 | Buffalo (+/—|—|—|—'+/4+/-—|—|—|4/-—|-—|—|4! +) —|444In Im Ir 
168 | Ovine +)/—|—|+/—| |+/-|-|-|+|-|-—|-|+/ +) -—|++4+4+/F |D IR 
169 | Ovine [+——|+/-| |+\/-—|-|-|4+\-|-|-|+ + -|44+4+/F MIR 
175 | Ovine |+/—|-|-|-| |+/-|—/—|4/-|-/-/+/ +) -| +4 Ir Ip Ir 
134 | Porcine |+)/—|—|—|—|  |+/—|—|—|+|—|—|-|4+) +) -—|444/F [mM |r 
70 | Porcine +/—|—|—|—| |+|-—|—|—|4+/—|—|—|4+ +| —|44+4IN |p |I 
WOR | Porcine |+/—|—|—|—| [+ —|—/—/+/-|—|-|+/ +/ -| -— IN IMIR 
138 | Rabbit |+)/—'-— —- —| [-|~|~I~/+/-|-|~|+] +] —|+++iN ID IR 





Mouse Pathogenesis: (+++) killing in 6 9 hours : (++) in 
in 16 or more hours. 
Fluorescence: (F) fluorescent; (N) not fluorescent. 


Carbohydrates: (+) fermented; (+) slight fermentation; (— 


10-15 hours; (+) 


) not fermented 


Broth characteristics: (D) diffuse; (M) mucoid precipitate; (P) complete pre- 


cipitation. 


: Morphology: (R) regular; (I) irregular. 
(*) Doubtful classification. 
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Group III 
95*| Ovine |-—|\+\4+ + - +) —|—'+/+\- + N ID IR 
130 | Ovine +\+ 4 + - + +! + + F IMIR 
412 | Ovine (+/4+/++-\4+4 + + + F iD IR 
R | Bovine ++ F DIR 
Group IV—Pasteurella hemolytica 
161 | Ovine - - -- ++++4++4+4 N M IR 
164 | Ovine +--+ - +-)- + + + F Mil 
884 | Ovine +++'+ + + +\+ F D iI 
159 | Bovine (+++ 4 + +/++)\+ + + N IP jl 
165 Bovine |+ +++ + +/+ 4/4 + 4 + N P R 
178 | Bovine |+/—/— + + +/+/+/4+ 4/4 ++ F DI 
Variants 

35M_| Porcine |+|—|- mleieind bold -\+++\F |D IR 
217M | Bovine | + — i+ + F iM jJ 
590M | Bovine |+/—|-|\+/- +--'-+4 + 4 F IP IR 
33R Ovine (+ + +— - + +) + N iP iR 
234R | Ovine +/-—/+/+!/- +/\- — +'+\- +| + N iP il 
242R | Buffalo + + — + +) + N iP IR 
122R | Feline + -|-| \-| |= —+ +| 4+ N Pll 


Biochemic and pathogenesis characteristics (see table 1 


The fermentation study of 22 carbohydrates, alcohols and 
glucosides revealed that xylose, arabinose, and dulcitol were 
sufficient for the classification of the typical non-hemolytic strains 
into two main groups. The atypical hemolytic forms could be 
separated from the rest by their ability to ferment inositol, 
lactose, maltose, trehalose, and raffinose. This group, which 
corresponded to Jones’ type I and Newsom and Cross’ Pasteurella 
hemolytica was classified as group IV. The other carbohydrates 
and alcohols were carried as contamination controls. The three 
main carbohydrates were tested a total of 3 to 8 times per culture 
depending on the strain in use. The results obtained warrant 
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the sub-division of the typical forms into two main groups: 
Group I ferments arabinose and dulcitol but not xylose, which 
corresponds to Khalifa’s type A; group II ferments xylose but 
not arabinose nor dulcitol, which corresponds to Khalifa’s type C. 
Group III included three strains which fermented all three carbo- 
hydrates and an additional strain, 95, of doubtful classification, 
but which showed the fermentation characteristics of group I. 

In addition to the carbohydrates and alcohols reported in 
table 1, the hexose carbohydrates glucose, levulose, galactose, and 
mannose were fermented by all the strains. The pentose 
rhamnose, the glucoside salicin, and the polysaccharides inulin, 
starch, and dextrin were not fermented by any of the typical 
strains. 

The fermentation of xylose occurred somewhat slowly, while 
that of arabinose occurred more rapidly. A uniformity in the 
fermentation of arabinose and dulcitol was observed in almost 
all of the strains. Dulcitol showed somewhat variable results. 
It apparently inhibited the growth of the organisms, due, possibly, 
to heat sterilization and prolonged incubation before inoculation. 

Four strains, group I cultures 232 and 236, and group II 
cultures 84 and 1932, which were studied through a period of two 
years, showed changes in the fermentation of xylose, arabinose, 
and dulcitol. These organisms were tested a total of 4 to 8 
times and the results were quite surprising (see table 2), as they 
alternated through the experiment from the characteristics of 
groups I to II. 

The variations in fermentation of arabinose and xylose were 
adequately controlled by comparisons with the other normally- 
acting cultures and by the constant check on such contaminant- 
control carbohydrates as lactose, maltose, and sucrose, as well 
as by additional control tests with raffinose, trehalose, rhamnose, 
inositol, indol production, colony characteristics, mouse patho- 
genesis, and dye bacteriostasis. Further evidence that the 
biochemic variability was not caused by contamination was 
provided by the constant uniformity in the fermentation of 
dulcitol and arabinose, which, at the same time, provided evidence 
that the chemical nature of the carbohydrates had not changed. 
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Mouse pathogenesis was of little value in the separation of the 
strains into groups or species. The strains belonging to group IV 
and those of the variant group were either entirely apathogenic 
or of low virulence. 

In general, no relation could be found between colony char- 
acteristics and virulence. On the other hand, when four serial 
mouse passages were carried out on a bovine strain, 1932, and 
an ovine strain, 31, there was an increase in colony fluorescence 
and in virulence to the extent that they caused the death of 
two chickens. 


~ 


TABLE 2 


Biochemic fermentation variations 


, -F 
ew = Ss 
TESTS <& Co» 
sie #8 
STRAINS aseEi es 
EEO! we 
riz i;sie]s5 | 6] 7 | 8] 9 | olg8s\ se 
Bovine | Arabinose 0 0 s | + - ; 
232 =| Xylose +i + 0 | 0 
Porcine | Arabinose 0:0 1 4 } I 
236 Xylose + | + 0'0/0 
Bovine | Arabinose| 0 | 0 | + | + +{\|x+/| 0 7 1 
S4 Xylose +:'0/0 Be SF: 
Bovine | Arabinose 0 0 + + + -+ - | © 7 7 
1932 Xylose +/+ 0 0 0 + + + 
Dates of tests 2/35'5/35,7/35 9/35) 10/35 11/35 12/35,7/36 8/36 1/37, 1/37 1/37 


(+) = fermentation in less than 8 days; (+) = fermentation in more than 8 
days; (0) = no fermentation. 


There were marked stable variations in virulence in some 
individual strains. Strain 642 was completely avirulent and 
strain 226 was apathogenic in a number of trials, but both strains 
gradually became more and more virulent. The reverse was 
true with strains 217 and 259. 


Serologic characteristics 


Some of the strains revealed an auto-agglutinating tendency. 
This occurred for the most part in strains which showed poor 
growth on common agar and in strains showing early broth pre- 
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cipitation. To decrease this effect, the antigens of these strains 
were prepared with a lower salt concentration, and the tests 
were read at more frequent intervals. 

By using ten immune sera it was possible to classify 44 Pas- 
teurella strains into 4 groups (see table 3) by means of the ag- 
glutination test. For that purpose 5 group I sera, 3 group II 
sera, and 2 group III sera were used. The groups observed 
corresponded to the carbohydrate grouping mentioned previously. 

Group I strains gave the highest agglutination titres with 5 
group I sera. Some of the strains were agglutinated by 2 group 
II sera and especially by one which was considered of inter- 
mediate character. These strains were also agglutinated by 1 
group III serum, 95, which was the least typical of the group. 

Group II organisms were more specific in their agglutination 
reactions, since they were agglutinated in the higher titres only 
by the group II sera. Individual agglutination variations were 
encountered in this group more often than with group I strains. 
Certain of the equine strains showed a tendency to agglutinate 
at high titres with group III serum 95. Some of the bovine and 
ovine strains tended to agglutinate at higher titres with group I 
serum 259, while porcine strain 134 agglutinated to a moderate 
titre with group I strain 57, which was otherwise specific to group 
I. The rabbit strains appeared to vary most from the typical 
form; they acted as intermediates to group III. 

Group III includes 3 organisms of miscellaneous characteristics 
which gave a high agglutination titre with serum 412. Strain 
95 was homologous in agglutination characteristics and acted 
otherwise as an intermediate variant of group I. 

Group IV was composed of serologic strains bearing no relation 
to any of the sera. The organisms of this group corresponded to 
Newsom and Cross’ Pasteurella hemolytica species, for which, 
unfortunately, no homologous serum was available. 

The variant group which was set apart because of its cultural 
characteristics was shown to contain organisms of low agglutin- 
ability and poor antigenicity. Sera 35M and 234R reached the 
final homologous agglutination titre of 1:2,000 and 1:800 re- 
spectively, even though culture 35M was very pathogenic. 
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Two control sera were used. One was from a normal rabbit of 
the same origin as most of the rabbits used during the experi- 
ment. Another was from a rabbit immunized with Brucella 
abortus. Both these sera showed agglutination titres of certain 
strains ranging from 0 to 1:800. The animals showed no history 
of a previous infection so that all the agglutinations under 
1:1,600 were considered as insignificant in the interpretation of 
agglutination results. Since the results of both sera were com- 
parable, only one is included in table 3. 

The other serum was a composite Brucella-abortus-positive cow- 
serum. This serum showed fairly high titres with the group II 
organisms, as well as with two group IV and one group I equine 
strain. 

Cross-agglutination tests on the rabbit sera with a polyvalent 
Brucella abortus antigen were negative. Similarly, tests were 
made with all the sera on 6 Salmonella and 2 Escherichia strains 
with negative results, even though some of the agglutination 
titres were as high as 1:200, which was attributed to an acquired 
immunity of the rabbits tested. 

Variability 

During the course of the study of 114 Pasteurella cultures, 
eight strains were found which were considered to be variants 
on the basis of a granular or mucoid precipitate in broth cultures, 
lack of virulence for mice and poor agglutinability with immune 
sera. 

Of these organisms, strain 33R, was a permanent “‘R’”’ form. 
Its “S’’ pathogenic form was available as culture 169, which 
was provided by Newsom. Both of these strains differed in 
every respect except their carbohydrate fermentation behavior. 

Strain 35M,? on the other hand, behaved as a pathogenic 


? Culture 35M appeared similar to the virulent capsulated forms described by 
Priestley (Brit. Jour. Exp. Path., 17: 374-378, 1936). The behaviour of this cul- 
ture as well as some of the other recently isolated organisms of avian origin 
seemed to conform to this type. According to the above author, the poor anti- 
genicity and agglutinability of such strains are due to the presence of a capsule 
which is present when the organism is virulent and recently isolated. 
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and poorly antigenic mucoid ‘‘M’’ form originating from a recent 
Argentine field case isolation. 

The other variants included strains 234R, 112R, and 242R, as 
well as strains 217M and 590M. These cultures presented 
varying degrees of irregularity in carbohydrate fermentation and 
agglutination behavior, which were attributed to their different 
degrees in phase changes. These conclusions were based upon 
colony and broth characteristics, and mouse pathogenesis. These 
organisms represented possible ‘‘R’’, ““M” and intermediate 
forms. 

An additional variant studied included strain 70R which was 
isolated from ‘“‘S’’ to form 70. This culture differed from its 
original culture in rough colony characteristics, precipitation in 
broth, and lack of mouse pathogenesis. Yet, it was similar 
serologically and biochemically, and it reverted once after the 
second month of isolation so that it probably represented an 
intermediate of the type “SR”. 


DISCUSSION 


The purpose of this investigation was to correlate all the 
available literature on the inter-relationship of the hemorrhagic 
septicemia Pasteurellae and to test the validity of the zoologic 
classification and improve upon the various typing techniques 
which have been reported. 

The biochemic, cultural, biologic, and serologic results re- 
vealed that the Pasteurellae were composed of widely differing 
strains of organisms which warranted their classification into 
two separate species, as suggested by Newsom and Cross. These 
authors, in 1932, gave the species name Pasteurella hemolytica 
to an atypical, avirulent, hemolytic, and non-indol-forming 
group composed of strains of bovine and ovine origin. The 
second group, which they termed the typical group, was of great 
homogeneity and included strains from avian, bovine, ovine, 
porcine, equine, buffalo, rabbit, cat, mink, and deer origin. The 
origin of these strains, however, could not be detected experi- 
mentally by either morphologic, cultural, biochemic, or serologic 
methods. 
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The main argument for the host-specificity classification of the 
group up to now has been epidemiologic. Still, this argument 
has never been adequately nor sufficiently sustained either 
epidemiologically or experimentally. On the other hand, many 
epidemiologic reports, cross-pathogenesis studies and cross- 
immunity tests support the inter-relation of the various species. 
Of importance are the reports of Baumgarten and Migge, who 
have gone so far as to state, that epidemiologically the Pas- 
teurellae, with their various changes and types, follow a definite 
cyclic development in their adaptation to the various hosts. 
Similar conclusions are encountered throughout the literature. 
Most of these reports emphasize that cross-pathogenicity is a 
factor related to differential virulence and host adaptation. 

On the basis of the bacteriologic results obtained, on the well- 
grounded historical epidemiologic data of the species unity, as 
well as the similar pathology of the disease in various animals, 
it is possible to group all the typical Pasteurellae in a single 
species possessing the characteristics given by Ligni¢res (1900), 
Vorloud (1908), and Manninger (1934). In conformity with 
these facts, the name Pasteurella multocida, Kitt, 1885, n. comb. 
is suggested to include all of the typical, indol-producing, non- 
hemolytic hemorrhagic septicemia organisms. The name orig- 
inates from the first one given to an organism involving more 
than one host. It is also one of the first names given to the 
microérganism, and though originally a bi-nomial, it is the most 
suitable. This grouping is not the first one, since Hueppe, 
in 1886 (cited by Tonaka, 1926), and Hutyra (1928), used 
single species names, also bi-nomial in character, to identify 
the organism. 

The typical forms were consistently subdivided by their 
agglutination and carbohydrate fermentation tests into two main 
groups, and possibly a smaller, third group, all of which definitely 
crossed the host species lines. These groups differed in the 
fermentation of xylose, arabinose, and dulcitol and in agglu- 
tination reactions. 

Group I contained all of the avian strains as well as represen- 
tative strains of various other hosts. This group was highly 
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homogeneous, containing a predominance of the organisms with 
a fluorescent type of colony, a stable, diffuse appearance in 
broth, and a tendency toward a regular cell morphology. 

Group II contained strains of all origins except avian. It 
could be subdivided serologically into three or four subgroups 
depending on the degree of relationship to the members of group 
I. Strain 70 was possibly the true exponent of the group, 
while strain 168 was quite closely related to group I. The 
intermediate character of many of the strains of this group was 
revealed by the predominance of non-fluorescence, mucoid 
appearance in broth, and tendency toward an irregular cell 
morphology. 

Group III strains did not show a uniform fermentation of the 
basic carbohydrates. Three of the strains fermented xylose, 
arabinose, and dulcitol. The organisms showed only a high- 
titre homologous agglutination and they were devoid of mouse 
pathogenicity; they possibly represented intermediate forms 
between groups I and II. Most of the strains possessed fluo- 
rescent colony characteristics, a diffuse broth growth, and a 
regular cell morphology. It may be of speculative interest to 
note that the apparent grouping is based only upon the char- 
acteristics which the various strains revealed at the time they 
were studied, and are representative of cyclic changes which the 
organism passes through under different environments. These 
changes may be due to the acquisition or loss of certain antigenic 
fractions of the organism. 

It was not possible to differentiate host species nor groups on 
the basis of dye bacteriostasis. Avian strains of both American 
and Argentine sources, which appeared to be the most homo- 
geneous and stable, were the most resistant to crystal violet. 

Bacterial variations, both of a temporary and a permanent 
nature, were observed. The former occurred as spontaneous, 
short-lived changes in fluorescence, often environmental in 
nature, or in mouse pathogenesis or carbohydrate fermentation, 
suggesting cyclic changes. The bacterial variations of per- 
manent nature were classed as rough “R” and mucoid ‘M”’ 
forms. Intermediate forms were also encountered. All of these 
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types of variations have been described in the literature, but 
their interpretation was difficult, because adequate inter-relating 
studies were absent. It is believed, therefore, that a careful 
study of the cultural, morphologic, biochemic, and _ serologic 
variations would be of great value in interpreting the changes 
which the organism exhibits in vitro and in vivo through long 
periods of time. 
CONCLUSIONS 


1. Two distinct types of organisms were studied; they differed 
in cultural, biochemic, serologic and pathogenic characteristics. 
One type included typical strains usually associated with hemor- 
rhagic septicemia; the other included atypical forms designated 
as Pasteurella hemolytica by Newsom and Cross. 

2. The typical strains were divided into two rather distinct 
subgroups, and a third, less distinct one, on the basis of xylose, 
arabinose and dulcitol fermentation and by agglutination 
reactions. 

3. Evidence presented invalidates the present zoologic species 
classification. The name Pasteurella multocida Kitt, 1885, 
n. comb., which includes all typical strains, is suggested to take 
the place of all the host species names, which are now in common 
use. 

4. Two types of variability were encountered. The permanent 
variants were of ‘“‘R”’ and virulent ‘““M’”’ types, with their inter- 
mediate forms. The temporary variants which were produced 
in many respects by environmental effects on cultural character- 
istics, mouse pathogenesis, and biochemic reactions, suggested 
possible cyclic changes in the organism; these changes may 
account for the variability of results obtained by many previous 
investigators. 
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Chromogenic strains of the genus Escherichia, obtained from 
human feces and from water, have been described briefly in a 
preliminary report (1937). Except for the production of a 
“reddish-orange”’ pigment, these strains cannot be distinguished 
from certain well-established non-chromogenic species of Esch- 
erichia. On the basis of minor differences, they fall into three 
types. They form gas, produce indol, yield negative Voges- 
Proskauer reactions, and fail to liquefy gelatin. Thus, they are 
distinctly different from most of the “yellow’’ pigment-forming 
“eolon” or “colon-like’’ organisms which have been isolated 
from cereals, water, etc. by other workers, and which have been 
mentioned by Parr (1937), and by Lehmann, Neumann and 
Breed (1931). On the other hand, the present strains may be 
identical with some of those encountered previously. This point 
cannot be settled, because the descriptions which have been 
recorded in the literature are incomplete, except for those of 
Parr (1937). Two of the present strains seem to be identical 
with the culture described by him. 

The present paper records in detail the characteristics of 
five strains of chromogenic coliform bacilli and compares them 
with well-recognized species of Escherichia. 


MATERIALS AND METHODS 


Three of the bacterial strains were isolated in 1932 from eosin 
methylene-blue agar during the course of routine bacteriological 
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examinations of feces and water, and were considered to be typical 
members of the genus Escherichia until they were cultivated on 
nutrient agar. One strain was obtained in 1936 from the feces 
of an adult who had suffered for years from chronic constipation. 
On eosin methylene-blue agar and on Endo’s medium, inoculated 
directly from a fecal suspension, it also appeared to be a typical 
member of the Escherichia, but on blood agar it was distinctly 
chromogenic. Several isolations were made from each medium 
and each subculture proved to be chromogenic on nutrient agar. 
One strain was made available through the courtesy of Dr. 
R. 8. Breed, who had received it from Dr. A. J. Kluyver of Delft, 
Holland. Originally, it came from Dr. M. W. Beijerinck’s col- 
lection and “had been carried in the Delft collection for a long 
time, possibly for as long as 20 years.’”’ The original source is 
not known. 

The media and methods employed to determine the various 
characteristics were the same as those described by Tittsler and 
Sandholzer (1935). Hemolysis was determined in pork-infusion 
agar containing rabbits’ blood, according to the method of Paul- 
son and Brown (1931). 

From 3 to 6 subcultures were isolated from each parent strain, 
and the cultural characteristics were determined for each sub- 
culture. During the course of the present study all of the char- 
acteristics were redetermined at least once. 


RESULTS 


The results of a detailed study of the cultural characteristics 
of five strains of chromogenic coliform bacilli are recorded, for 
the most part in tables 1 and 2. All of the strains were found to 
possess certain features in common. These are shown in table 1. 
They fermented glucose and lactose with the production of acid 
and gas; failed to liquefy gelatin; produced indol; gave positive 
methyl-red tests; and yielded negative Voges-Proskauer re- 
actions. Carbohydrates were fermented rapidly, with the ex- 
ception of salicin and glycerol, in which acid formation did not 
occur until the second or third day of incubation. 

These cultures differed among themselves in certain char- 
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acteristics, as shown in table 2. On the basis of these differences, 
the five strains fell into three types. Strains 219 and 870, from 
water and from human feces respectively, were alike. Strains 
220 and 251 were alike and, evidently, they were identical with 
the culture described by Parr (1937). Strain 221 differed from 
the others. 
TABLE 1 
Characteristics common to all five strains of chromogenic coliform bacilli 


CARBOHYDRATES 





MORPHOLOGICAL AND BIOCHEMICAL CARBOHYDRATES NOT 
CHARACTERISTICS “tinea” FERMENTED 

Bacilli... 7 os 1-Arabinose Sucrose 
Non-sporogenous...... d-Galactose Cellobiose 
Gram-negative a d-Glucose Raffinose 
Aerobic.. d-Levulose | a-Methylglucoside 
Gelatin not liquefied | d-Mannose Dulcitol 
Indol produced d-Xylose l-Erythritol 
Nitrates reduced d-Lactose 1-Inositol 
Methyl-red positive Maltose Inulin 
Voges-Proskauer negative Trehalose Starch 
H.S not produced Glycerol 
Citrate not utilized Mannitol 


Milk acidified, coagulated and reduced..| Sorbitol 





TABLE 2 


Differential characteristics of five strains of chromogenic coliform bacilli 





| 





221 220 251 219 870 
Salicin. AG AG AG - 
Adonitol.... AG | - _ AG AG 
Hemolytic type | Beta Gamma Gamma Beta Beta 
Motility... + ae + - - 
Source.... Feces Feces Unknown Water Feces 





AG = Acid and gas. 


The color of the pigment produced by the parent cultures 
was designated by the writer as ‘‘reddish-orange”’ (1937). When 
classified according to Ridgway’s Color Standards (1912), how- 
ever, it is xanthine orange. Parr characterized the pigment 
produced by his strain as ‘“‘a distinct golden-brown”’ and “‘prac- 
tically the same color as that observed for a typical Staphylococcus 
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aureus.”” When strains 219 and 221 were plated on nutrient 
agar, they usually yielded a few colonies which had very little 
color, but subcultures from such colonies formed as much pigment 
as did the parent strains. On the other hand, strains 220 and 

70 yielded some colonies which were practically non-chromogenic 
and subcultures from them developed but little pigment. When 
these slightly chromogenic substrains were plated and isolations 
made from the least chromogenic colonies, cultures were ob- 
tained which develop no detectable pigment in colonies and 
very little in mass growths. Otherwise, the slightly chromogenic 
strains did not differ from the most chromogenic substrains of 
the same parent culture. All of the parent strains have retained 
their chromogenicity constantly during repeated cultivation on 
nutrient agar, for as long as six years. 


DISCUSSION 


The results of a detailed study of the cultural characteristics 
of five chromogenic strains of coliform bacilli show that they 
are more closely related to members of the genus Escherichia 
than to those of any other genus. On the basis of chromogenesis 
alone, they might be allocated to either of the genera, Flavo- 
bacterium or Serratia. This designation would seem to be il- 
logical, however, because their failure to liquefy gelatin, their 
fermentation of numerous carbohydrates with the formation of 
gas, and their production of indol, are different from those re- 
corded for members of either of these genera. When the char- 
acteristics of the present strains are compared in detail with 
those recorded in Bergey’s Manual (1934) for certain members 
of the genus Escherichia, one finds a close agreement, except for 
the production of pigment. Thus, strains 219 and 870 differ 
from Escherichia acidilactici, and strains 220 and 251 from Esch- 
erichia paragruenthali, only in their inability to ferment raffinose. 
Strain 221 differs from Escherichia paragruenthali in its ability 
to ferment adonitol and in its inability to ferment raffinose. 
The writer, however, has found that raffinose is not fermented 
by members of the Escherichia genus which do not ferment 
sucrose, 7.¢e., not by members of the coli-communis group. Thus, 
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except for chromogenesis, strains 220, 221 and 251 would be 
classified as Escherichia paragruenthali and strains 219 and 870 
as Escherichia acidilactici. Strains 220 and 251 are identical 
with the strain described by Parr (1937) and for which he pro- 
posed the name Bacterium aurescens, n.s., because it differed 
from Escherichia paragruenthali “not only in being chromogenic 
but in failing to ferment raffinose.’”” Whether this proposal be 
acceptable or not depends upon the point of view. If strains 
like 220 and 251 are given a specific name, the argument can 
be raised that strains 219 and 870, and 221 deserve similar con- 
sideration on the basis of differences in the fermentation of salicin 
and adonitol and in hemolysis. The writer does not favor the 
segregation of closely related strains into new species, unless 
the procedure serves a useful purpose or cannot be avoided. 
Accordingly, no additional specific names are proposed for the 
present chromogenic strains. It seems sufficient to consider 
them as chromogenic varieties of either Escherichia paragruenthali 
or Escherichia acidilactici, depending upon their fermentation 
of salicin. 


SUMMARY 


A detailed study of the cultural characteristics of five strains 
of chromogenic coliform bacilli, isolated from water and human 
feces, is presented. On the basis of differences in the fermenta- 
tion of salicin and adonitol and in hemolysis, these strains fall 
into three distinct types. Attention is directed to the relation- 
ship of these strains to Escherichia paragruenthali and Escherichia 
acidilactici, and the opinion is expressed that they can con- 
viently be considered as chromogenic varieties of these recog- 
nized species, thus avoiding the necessity for the creation of 
new species. 
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The genus Siderocapsa was created by Molisch in 1909 to 
include certain bacteria of striking morphology, found in fresh 
waters. ‘Two species were described, Siderocapsa treubii (Molisch 
1909) and Siderocapsa major (Molisch 1910). The former was 
found growing as a periphytic organism upon the leaves of sub- 
merged plants. It was described as coccoid, from 0.4y to 0.6, 
occurring in colonies of not more than 8 cells, included in color- 
less, apparently mucoid material, the latter surrounded by a 
heavy irregular deposit of iron. Molisch described the cells 
as unstainable with the usual dyes, but staining red with Schiff’s 
reagent for aldehydes. Siderocapsa major was found in the thin 
scum floating on the surface of stagnant pools. It differed from 
the preceding species in the somewhat elongated form of the 
cells, up to 1.84 in length; the mucoid material was not so sharply 
delineated from the iron, and the colonies were considerably 
larger, up to 100 or more cells. 

Molisch’s observations apparently remained unconfirmed for 
some years. Cholodny (1926) doubted the existence of these 
forms as iron-depositing bacteria. He pointed out that ferric 
hydroxide is deposited upon the leaves of submerged plants 
independent of any bacterial activity, and also appears in the 
water scum, and that bacteria are found in the same places. He 
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looked upon the organisms described by Molisch as an accidental 
association of various bacteria with independently deposited iron. 

Naumann (1928), however, observed the growth of these 
bacteria upon glass slides submerged in various waters, and 
confirmed Mbolisch’s description. Naumann also observed 
another species, Siderocapsa monoica, occurring as single cells 
surrounded by an iron deposit. This species was found only 
once, growing upon the leaves of Potamogeton natans. On the 
basis of this single observation he divided the genus into two 
sections: Monosiderocapsa to include S. monoica, and Poly- 
siderocapsa to include the two species named by Molisch. 

A fourth species, S. coronata, was described by Redinger (1931). 
This is a plankton organism, i.e., it floats free in the water un- 
attached to any surface. He points out that this habit of growth 
invalidates Cholodny’s argument, since no plant material other 
than the bacteria is involved. It was found in Upper Lake 
Lunz, in Austria, and appeared in large foamy masses, at times 
as large as a fist. These zoogloeae were composed of coccoid 
bacteria, about lu in diameter, occurring in groups of 2 to 8 cells 
surrounded by mucoid material upon which iron and manganese 
were deposited in large quantities. Ruttner (1937) reported 
further on the distribution of this organism, which was found 
to be related to the oxygen stratification in various Alpine lakes. 
It was found most frequently at depths from 17 to 20 meters, 
where the oxygen range was from 0.12 to 0.30 mgm. per liter. 
The highest oxygen tension at which it was found was 4.66 mgm. 
per liter. 

Dorff (1934), working with Naumann, reobserved S. treubii 
and S. major. The former species was found to stain in varying 
degrees with basic aniline dyes, although warming the stain 
was necessary in some cases. S. major was found not only in 
the scum on stagnant pools, but also upon the leaves of sub- 
merged plants. Both species were found only in still waters. 

We have observed an organism presenting the characters of 
the genus Siderocapsa as described by Molisch, on slides which 
have been suspended in the waters of various lakes and streams. 
In many instances the iron deposit surrounding the colonies of 
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this organisms was the only iron deposit upon the slides. We 
believe, therefore, that this iron is deposited by the activities 
of the bacteria in question, and is not a mere accidental oc- 
currence as proposed by Cholodny. We have found, contrary 
to the observation of Dorff, that these bacteria may grow abun- 
dantly on slides submerged in very rapidly flowing streams. 

We have found upon our slides types of colonies which cor- 
respond in part with the two species described by Molisch. The 
first type has coccoid cells, 0.64 to 1.64 in diameter. From one 
to 30 cells are found in a colony, most frequently 6 to 8. The 
cells tend to occur in pairs, and stain deeply with Hucker’s am- 
monium-oxalate crystal-violet solution. The outer edge of the 
mucoid capsule is well defined; it is round to elliptical, and may 
be from 2u to 8u across, most often about 4u. Several colonies 
may be surrounded by a single continuous deposit of iron. This 
organism fits, in most particulars, Molisch’s description of S. 
treubit. 

The second type, far more common, is a small rod, 0.4 to 1.04 
in diameter and 2y in length. The cells often stain unevenly. 
The colonies are usually elliptical in form, the mucoid capsule 
averaging about 2u by 4.54. From 2 to 30 cells may be found 
in a colony, usually 4 to 6. Although the cells are rod-shaped, 
the other characteristics of this organism fit Molisch’s description 
of S. treubii as well as those of S. major. 

In all colonies the outer deposit surrounding the mucoid cap- 
sule, whether light or heavy, is rust brown when unstained, and 
is probably composed entirely of iron oxide. When the slides 
are stained with potassium ferrocyanide in dilute hydrochloric 
acid (the Berlin blue test for ferric iron), and counterstained 
with erythrosin, the cells are pink, the capsular material clear, 
and the whole outer structure blue. An attempt to stain one 
slide with Schiff’s reagent failed. The slide was, however, 
several years old. 

Although we have found on our slides forms corresponding 
fairly well with both S. treubii and S. major, we have also found, 
even on the same slide, so many intergrading forms, that we 
seriously question whether a differentiation of these two species 
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can be justified. It was observed that, when the colonies oc- 
curred in clusters, the individual colonies within a cluster were 
all of a single type as regards size and form of the cells. But 
the finding of so many doubtful intermediary forms prevented 
any recording of the two “species” separately. We shall refer 
to the organisms we have observed as Siderocapsa treubii, with 
the understanding that by this name we mean both types de- 
scribed by Molisch as well as the numerous intermediate forms. 

The morphology of this organism as it occurs in its natural 
habitat is so striking that it can readily be recognized. The 
iron-encrusted colonies may be readily found with the low-power 
lens of the microscope. It is therefore an ideal organism for an 
ecological study by the direct microscopic method. We have 
searched for Siderocapsa treubii on nearly 2000 slides which have 
been suspended in the waters of 12 lakes and two streams in 
Minnesota and Wisconsin. These waters have varied widely 
in their physical and chemical characteristics, and it has therefore 
been possible to determine something about the environmental 
factors which determine the distribution of the microbe. 

Although there was obviously a variation in the number of 
colonies on different slides no attempt has been made to count 
them. The organism has merely been recorded as “present’’ 
or “‘absent.’’ In all instances several observations have been 
made at different times. All observations have been made 
during a period of the year when there was no ice in the lakes, 
with the exception of Lake Mendota, where observations were 
also made during the winter. In each lake, slides were sub- 
merged near the deepest part of the lake, being suspended at 
intervals from top to bottom. In the case of Lake Mendota 
and Lake Alexander, slides were also placed at several stations 
near the shore. 

The occurrence of Siderocapsa in the various lakes and streams 
together with certain physical and chemical data regarding the 
lakes are presented in table 1. The chemical data have been 
obtained from various publications of Birge and Juday and their 
associates from the Wisconsin Geological and Natural History 
Survey. The chemical analyses recorded have been made on 
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C- surface samples. In those lakes where Siderocapsa is recorded 
re as present, it was found at all depths, excepting the two deep, 
ut thermally-stratified lakes, Trout and Mendota. 
ed In Trout Lake the organism was found in increasing abundance 
er from the surface to a depth of 8 meters, below which level it 
th was completely absent. The thermocline in this lake is found 
le- at about 12 meters, at which level the dissolved oxygen, tempera- 
is. 
ral TABLE 1 
he Occurrence of Siderocapsa treubii in different types of lakes 
y CURRENCE OR- 
er LAKE TYPE - a. . pH BOUND COQ, — ante 
an SID EROCA PBA . ( 
ve mgm. per mgm mgm 
liter per liter per liter 
ve Forestry Bog Seepage Absent 5.2 1.0 0.32 | 12.3 
in Helmet Seepage Absent 5.7 2.0 0.59 | 25.3 
ly Weber Seepage Absent 6.0 1.5 0.03 2.8 
r Crystal ....| Seepage Absent 6.0 15 | 0.07) 1.6 
> 
re Mary Seepage Absent 6.0 2.5 0.06 | 17.4 
tal Muskellunge Seepage Absent 7.0 9.5 0.03 | 6.4 
Boulder. Drainage | Present 7.5 13.6 0.48 | 7.7 
of Manitowish River*. Present 
Trout. Drainage | Present 7.5 19.0 0.03 | 3.7 
int Brazell .... Drainage | Present 8.0 14.0 1.70 | 25.7 
— Little John.... Drainage | Present 8.4 16.0 0.23 1.9 
Allequash Creekt Present 8.6 16.6 0.32 6.7 
en ; : . P< ite : 
Mendota...... Drainage | Present 8.7 34 to 70; 0.20) 7.1 
de Alexander ....... Drainage | Present | Alkaline | Hard 
es, 2 SA ee —e 


* Manitowish River empties into Boulder Lake; presumably the water is simi- 


re lar in composition. 

ib- t Allequash Creek drains Allequash Lake. Chemical analyses have been made 

at upon the surface water of the lake. 

ta . , 7 

on ture and pH all decline rapidly. In Lake Mendota Siderocapsa 
was found only rarely, and its distribution was quite erratic. 

-" It was found once at a depth of 9 meters in August, but did not 


a occur on any other slides submerged during the summer, either 
in deep water or near the shore. During the winter and spring, 


en . , 
“~ however, it was found abundantly at a depth of 18 meters, i.e., 
wal 2 meters above the bottom, and absent at all higher levels, save 
and for single recordings at 15 meters and 12 meters. 


mee 
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Lake Alexander has been referred to in previous papers of 
this series as a seepage lake, and this is true at the present time. 
But until about ten years ago it drained into the Mississippi, 
and it presents the characteristics of a drainage lake. While, 
unfortunately, no chemical analyses are available, its water is 
obviously very hard and alkaline. Siderocapsa has been found 
on nearly all of the many slides which have been submerged in 
this lake, but is clearly much more abundant in the shallow weed- 
choked bays than in the open lake. While it has been found 
at all depths, it is more abundant on slides about 1 meter abov: 
the bottom than at other levels. Lake Alexander is not stratified. 

The slides placed in the Manitowish River and Allequash 
Creek were stationed at places where the current flow was very 
rapid. In Allequash Creek slides were placed in a rapid where 
the current flow was so great that some of them were torn loose 
from their attachment. Nevertheless, these slides developed 
a heavy coating of bacteria in a few days, including abundant 
specimens of Siderocapsa. 

The data presented in table 1 show clearly that Siderocapsa 
treubit occurs characteristically in alkaline, hard water lakes of 
the drainage type, and is absent in neutral or acid, soft water 
lakes of the seepage type. The distribution is clearly not deter- 
mined either by the organic matter or by the abundance of iron 
in the water, although possibly on a quantitative basis correla- 
tions with these characters could be established. The amount 
of iron cannot, however, be the sole determining factor. Slides 
from Forestry Bog and Helmet Lake, with high iron contents, 
showed an abundance of other types of iron-depositing bacteria, 
especially Leptothrix crassa and related forms, but Siderocapsa 
was completely absent. Conversely, the latter microbe was 
fairly abundant at the surface of Trout Lake, with a very low 
iron content (0.03 mgm. per liter), and absent at the bottom, 
where there was much more iron (0.35 mgm. per liter) but a 
lower pH. 

Of the various environmental factors considered, the pH of 
the water appears to be most important. Since Siderocapsa 
treubii is found only in alkaline waters, it seems highly probable 
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that it deposits iron by the oxidation of organic compounds, 
so-called “humates”’ of iron, the reaction probably occurring 
at the surface of the capsule. It has been shown by Halvorson 
and Starkey (1927) that truly autotrophic iron bacteria, i.e., 
those obtaining energy from the oxidation of inorganic ferrous 
to ferric compounds, could grow only in waters acid in reaction, 
since only in such waters could ferrous compounds remain in 
solution; and Turowska (1930) has shown that such organisms 
as Leptothrix ochracea and Gallionella ferruginea are rather sharply 
limited to waters neutral or acid in reaction. It is possible that 
the iron oxide is precipitated in the water spontaneously and 
merely adsorbed onto the capsule of Siderocapsa. This appears 
to be improbable because, as was mentioned, in many cases the 
only iron found on the slides was that deposited about the colonies 
of this microbe, although other types of bacteria or algae with 
mucoid capsules were frequently found. We therefore are of 
the opinion that Siderocapsa treubii is a heterotrophic bacterium 
which utilizes the organic radicle of organic iron compounds, 
depositing the iron as a waste product. 


SUMMARY 


Bacteria presenting the morphological characters of Siderocapsa 
treubii Molisch and Siderocapsa major Molisch were found upon 
glass slides submerged in various lakes and two streams. So 
many intermediate forms were encountered that it was con- 
sidered impossible to separate these two species. 

Siderocapsa treubii was present in all of the alkaline, hard water 
lakes of the drainage type, and absent in all of the neutral or 
acid, soft water lakes of the seepage type. It was found abun- 
dantly in two rapidly flowing streams. 

Siderocapsa treubii is probably a heterotrophic organism uti- 
lizing the organic radicle of organic iron compounds and deposit- 
ing the iron as a waste product upon the capsules of the colonies. 
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PLATE 1 


Fic. 1. A colony of Siderocapsa treubii with numerous coccoid cells. 
Fic. 2. A colony with paired coccoid cells. 

Fic. 3. A colony with rod-shaped cells. 

Fics. 4 and 5. Confluent or multiple colonies. 
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PROCEEDINGS OF LOCAL BRANCHES OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 
EASTERN PENNSYLVANIA CHAPTER 


First MEETING OF THE CURRENT Season, PHItaDELPHIA Country MEDICAL 
Society Buitpina, Ocroser 18, 1938, PuitapeLpnia, Penna. 


Tse OricinaL MINUTES OF THE So- 


CIETY OF AMERICAN BacrTERIOL- 
ocists. C. G. Roos, Sharp and 
Dohme Laboratories, Glenolden, 
Penna. 


Announcement was made of the find- 
ing of the original minutes of the first 
meetings of the Society of American 
Bacteriologists. While it was known 
that some records had been left at 
Glenolden in 1917 by the Society’s 
secretary, Dr. A. Parker Hitchens, a 
post-war search had been fruitless. 
In the spring of 1938 the laboratories 
in the main building were remodeled 
and provision made for safe keeping of 
valuable records. While old records 
of value were being gathered, the 
record book containing the minutes of 
the Society’s first meetings was 
brought to light. 

The original minutes are contained 
in a small record book consisting of 200 
pages. The 101 inscribed pages in- 
clude the original transcript of the 
Society’s constitution, minutes of the 
meeting of organization, names of the 
Society’s organizers with a list of the 
names of its charter members, the first 
to the eleventh programs presented at 
the annual meetings and the minutes 
of transactions at those meetings. 
The earliest date recorded is October 
16, 1899 and the last December 30, 1909. 

Photostats are being made of the 
records and will be available at the 


library of the Mulford Biological Lab- 
oratories of Sharp and Dohme, Glen- 
olden, Pa. The original record book 
will be delivered to the Archives Com- 
mittee of the Society of American 
Bacteriologists. 


Tue PatuoGenesis or Locau Ter- 
anus. William Chalian, Labora- 
tory for Endocrine Research, The 
Johns Hopkins University, School 
of Medicine, Baltimore, Md. 
Theories of the pathogenesis of tet- 

anus were reviewed. The  nerve- 

blocking experiments of Meyer and the 
dynamic-activation experiments of 

Doerr and Seidenberg were shown to be 

defective and hence of no value to the 

axis-cylinder-carriage theory. The 
fact that denervated muscles fail to 
respond to the injection of tetanus 
toxin does not preclude the possibil- 
ity of a peripheral action of this poison. 
The following theory is upheld: Tet- 
anus toxin can be carried to the 
tissues of the body, whether these be 
specifically reacting striated muscles 
or motor horn cells or structures that 
do not respond in a recognizable man- 
ner to the action of the toxin, only by 
the same mechanisms that effect the dis- 
tribution of countless other drugs and 
poisons—the blood and the lymph-vascu- 
lar systems. The toxin is capable of 
exhibiting a dual action, the compo- 
nents of which are separately demon- 
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strable. The first effect,which is a poi- 
soning of the motor horn cells, results 
in the appearance of convulsions and 
reflex spasms. The second effect is 
exerted directly upon the motor end- 
organs present in striated muscle and 
is manifested by the development of 
muscular rigidity. 

A detailed report of this work will 
appear shortly in the Bulletin of the 
Johns Hopkins Hospital. 


Recent ADVANCES IN OUR KNOWLEDGE 
or Tetanus. Warfield M. Firor, 
Johns Hopkins University, School 
of Medicine, Baltimore, Md. 
Long ago we became interested, with 

Dr, Abel, in the study of tetanus. Dr. 

Abel subjected the neural transport 

theory of Meyer to a critical review 

and concluded that tetanus toxin is 
absorbed by the lymphatics and dis- 
tributed by the blood stream. He 
felt that the rigidity seen in local tet- 
anus is due to a peripheral action of 
the toxin on the neuromuscular end- 


organs and that the hyperexcitable 
reflexes are central nervous syste: 
manifestations. To prove this latt: 
point we injected into the gray matte: 
of the lumbar cord of dogs minut: 
amounts of tetanus toxin. With 
little as 1/300th ordinary lethal dos: 
we were able to produce tactile reflex 
tetanus. All these animals died 
Further studies showed that following 
intraspinal injections, death results 
regardless of whether the afferent and 
efferent nerves are severed or the spina! 
cord divided above the point of injec- 
tion. These observations led us to hy- 
pothecate that tetanus toxin is altered 
to form a new substance. Experi- 
ments show that intravenous adminis- 
tration of tetanus antitoxin does not 
prevent death following the intraspinal 
injection of tetanus toxin. Experi- 
ments in which an injected animal is 
cross-circulated with a normal one 
seems to bear out the assumption that 
tetanus toxin is altered within th: 
spinal cord to form a new substance 


One HunNDRED AND THIRTY-FOURTH MEETING, PHILADELPHIA CouUNTY 
Mepicat Society Bui_pine, PaiLapEeupasia, Pa., NoveMBER 22, 1938 


A Simpuiriep CoMPLEMENT FIxaTION 
TECHNIC FOR THE SEROLOGICAL Dt1- 
AGNOsIS OF Sypuitis. Fred Boerner 
and Marguerite Lukens, Graduate 
Hospital, University of Pennsyl- 
vania, Philadelphia, Pa. 

A simplified technic for a qualitative 
or quantitative complement-fixation 
test is described which effects marked 
reduction in cost and labor. Chances 
of error are minimized by a reduction 
in the number of steps and by the fact 
that omission of any step is readily 
detected. 

For the qualitative test, one dose of 
serum is employed; additional doses 
are used for the quantitative test. 

Qualitative test: (1) Add 0.1 ce. of 


each serum to be tested to each of 


2 tubes. Inactivate in water-bath, 
58°C. for10 min. Also include suitable 
controls. (2) To tube 1 add 0.5 cc 


antigen-complement mixture (antigen 
diluted in 1:30 complement so 0.5 « 

contains proper dose of antigen 

(3) To tube 2, add 0.5 cc. complement 
1:30. (4) Mix tubes thoroughly, plac: 
in refrigerator (6°-10°C.), 15-18 hours 
(5) Place in water-bath, 37°C., 1 
minutes. (6) To both tubes add 0.5 
cc. 0.75% sensitized corpuscles. (The 
corpuscles and hemolysin should b: 
mixed at least 15 minutes before use. 
(7) Mix thoroughly, place in water- 
bath, 37°C., for Lhour. (8) Reactions 


are interpreted as follows: ++++, 
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positive; +++, ++, + or +, doubt- 
ful; —, negative. (9) When several 
doses of serum are used for the purpose 
of making & quantitative determina- 
tion of the degree of positiveness of 
the serum, the reactions obtained with 
each dose are recorded for comparison 
with previous or subsequent tests. 


A SimptiFiep METHOD FOR THE PREp- 
ARATION OF AN ANTIGEN FOR USE IN 
CoMPLEMENT Fixation TEsT FOR 
Sypuitis. Fred Boerner, Charles A. 
Jones and Marguerite Lukens, Gradu- 
ate Hospital, University of Pennsyl- 
vania, Philadelphia, Pa. 

A simplified method for preparation 
of antigen for use in the above comple- 
ment-fixation test for syphilis is de- 
scribed. (1) Place 10 gms. powdered 
beef heart (Difco) in 1 or 2 1. flask. 
(2) Add 225 ce. absolute alcohol and 75 
ec. ether (U. 8S. P.); allow to stand at 
room T. $ hour, shaking thoroughly 
every 5 minutes. (3) Filter through 
filter paper, discard the residue. (4) 
Place the filtrate in large flask and 
evaporate, using slight suction, to 50 
ec. by boiling in a water-bath. If the 
concentrated extract is less than 50 
ec., add sufficient absolute alcohol to 
make up to volume. (5) Place the 
concentrated filtrate in the refrigerator 
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for 1 hour. A heavy precipitate will 
form. (6) Filter through paper in the 
refrigerator so that the filtration will 
be completed while the solution is cold. 
(7) Allow the filtrate to stand at room 
T. overnight; if a precipitate forms, 
filter. (8) Dissolve 200 mgms. choles- 
terol in the 50 cc. of filtrate. This 
finished antigen is now ready to be 
tested for its optimum fixing dose and 
anti-complementary properties. 

If desired that the antigen be more or 
less sensitive, merely vary the choles- 
terol content. Antigens prepared by 
the above method are slightly more 
anti-complementary than the alcohol 
used in their preparation, and their 
optimum antigenic dose is usually be- 
tween 1:800 and 1:1,600. Any volume 
of antigen can be prepared by this 
method by proportionally increasing 
or decreasing the amounts. 


REPORT OF THE CONFERENCE ON THE 
LABORATORY DIAGNOSIS OF SYPHILIS 
at Hor Sprinas, ARK., AND THE 
MEETING OF THE LABORATORY SEc- 
TION OF THE AMERICAN PuBLic 
HeattH ASSOCIATION IN KANSAS 
City, Mo. A. Parker Hitchens, 
University of Pennsylvania, School 
of Medicine, Philadelphia, Pa 


WASHINGTON BRANCH 


Army Mepicau Scuoot, Wasuineton, D. C., Novemper 15, 1938 


MECHANISM OF THE ACTION OF SULF- 
ANILAMIDE IN BRUCELLOSIS. 
Henry Welch, Food and Drug Ad- 
ministration, U. S. Department of 
Agriculture. 

In cases of human brucellosis and in 
guinea pigs infected with Brucella 
abortus, treatment with sulfanilamide 
markedly increases phagocytosis of 


this organism. Individuals infected 
with other diseases and normal guinea 
pigs treated with sulfanilamide show 
no change in their opsonocytophagic 
activity for Brucella abortus. Further, 
the blood of normal human beings or 
normal guinea pigs, when treated in 
vitro with sulfanilamide, shows no 
change in opsonocytophagic activity 
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when mixed with untreated Brucella 
abortus or with sulfanilamide-treated 
organisms. 

It has been possible in infected 
guinea pigs, treated with sulfanil- 
amide, to demonstrate the absence of 
the drug in the blood at the time at 
which marked phagocytosis occurs, 
and, further, to transfer this marked 
phagocytic activity to normal guinea 
pig and human cells by suspending 
them in the serum of infected treated 
guinea pigs. Since the presence of 
sulfanilamide as such is not essential 
for the demonstration of marked 
phagocytosis in infected treated guinea 
pigs, it would appear that the effect of 
the drug is an indirect one. 

The marked phagocytic activity 
demonstrated with normal cells in the 
presence of sera from infected indi- 
viduals treated with sulfanilamide is 
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completely lost by the addition to such 
sera of small amounts of a concentrated 
filtrate of Brucella abortus. 

It would appear that sulfanilamide 
acts indirectly on Brucella infections 
by increasing the opsonic power of the 
blood and thus neutralizing the effect 
of the endotoxin or aggressin-like sub- 
stances produced by this organism al- 
lowing phagocytosis to take place 
The fact that it was not possible to 
stimulate the opsonic power of the 
blood toward Brucella of uninfected 
human beings or guinea pigs by treat- 
ment with sulfanilamide would indi- 
cate that an infective or immunizing 
process must be in progress for the 
drug to stimulate phagocytosis in this 
disease. 


PROBLEMS IN Pneumonia. Lloyd Fel- 


ton, National Institute of Health. 








